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Abstract 
 
Reintroduction is a potentially powerful tool available to conservationists to cope with 
species population declines. Nonetheless, it is poorly understood and past reviews tend to 
indicate poor results. Reintroduction, under the sensu stricto IUCN definition, must have a 
primary objective of conservation; however species can be released to sites in their 
indigenous range (reintroduction sensu lato) to meet other objectives. The outcomes of these 
reintroductions s.l need to be assessed to determine how effectively they achieve their varied 
objectives. A Web of Science review revealed that only 32.1% of 131 publications on 
reintroduction provided clearly defined success criteria. Using economic, ecological, 
conservation and problem animal management objectives as reintroduction s.l. drivers, I 
developed context-dependent success definitions for each objective to use in reintroduction 
outcome assessments. These success criteria were then used to assess the reintroductions s.l. 
of large carnivores, namely lion, leopard, cheetah, African wild dog, spotted hyaena, and 
brown hyaena, to 16 private- and state-owned reserves in the Eastern Cape Province, South 
Africa. Ecotourism and ecological restoration were the most common objectives for the 
reintroduction of top predators to these reserves. Overall the reintroductions of large 
carnivores have been successful in meeting their objectives. Only African wild dogs have 
failed to establish in the province. Causes of objective-specific failures for the other species 
in some reserves included introductions of same-sex populations, lack of breeding events and 
changes in reserve management objectives. Assessments for leopard and brown hyaena were 
inconclusive due to lack of monitoring data. The reintroduction of large carnivores to the 
Eastern Cape Province has also resulted in the emergence of human-carnivore conflict on 
neighbouring properties. Carnivores have reportedly escaped from 8 reserves (61.5% of 
reserves) in the Eastern Cape. A total of 75 conflict events on 68 neighbouring properties 
(36.7% of neighbouring properties) have been reported. There is a major gap in research 
around conflict resulting from carnivore reintroductions and future research is required to 
fully understand the situation in the province in order to develop effective mitigation 
methods. An adaptive management approach to reintroductions is encouraged to improve 
monitoring and ensure reintroductions continue to meet their objectives. Furthermore, 
emerging consequences, such as human-wildlife conflict, and related mitigation strategies 
should be incorporated into management of reintroduced populations. Communities 
surrounding reintroduction sites should be educated on lifting baselines where conflict-
causing species are recovering to ensure continued success of reintroduction undertakings. 
National management plans should be developed for all large carnivore species to improve 
the conservation value of small, fenced reserves that are typical of South African 
conservation, through a managed metapopulation approach. Management plans should 
include social, political, and economic factors that can influence the success of 
reintroductions and ultimate conservation outcomes.  
 
Keywords: lion Panthera leo; leopard Panthera pardus; cheetah Acinonyx jubatus; African 
wild dog Lycaon pictus; Spotted hyaena Crocuta crocuta; Brown hyaena Parahyaena 
brunnea; human-carnivore conflict;  lifted baseline 
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Chapter 1: General introduction 
 
 Conservationists are faced with the problem of rapidly declining animal populations 
across the globe and must constantly seek ways of combating this loss of biodiversity. While 
there are a variety of methods for potentially reducing, or even reversing, animal population 
declines, there is a need to understand and assess the effectiveness of conservation actions 
that are undertaken to do so (Sutherland, 2003). Reintroduction is one option available to 
conservationists and is defined by the IUCN (International Union for Conservation of Nature) 
as the restoration of a species to areas within its indigenous range from which it has been 
extirpated (IUCN/SSC, 2013). As such, reintroduction is a potentially powerful conservation 
tool that is growing in popularity (Soorae, 2008, 2010, 2011, 2013, 2016), despite past 
reviews of reintroductions tending to show low success rates (Griffith et al., 1989, Fischer & 
Lindenmayer, 2000). However, the responses of biodiversity to different management actions 
suggest reintroduction is potentially effective (Hayward, 2011, Luther et al., 2016). While 
conservation must be the primary objective for reintroduction by the IUCN definition, it may 
not be the only driver for restoring a species to an area. These other drivers, such as economic 
benefits, are rarely addressed in the published literature.  
 This study aims to assess the outcomes of multiple reintroductions of large carnivore 
species to private and state reserves in the Eastern Cape Province, South Africa. These 
reintroductions will be used as a model to address the issues around the assessment of 
reintroduction outcomes based on their drivers and to determine the effectiveness of such 
conservation actions. Additionally, the emergence of unanticipated consequences of the 
reintroductions will be investigated.  
 
Global carnivore population declines 
Carnivores are generally charismatic species (Kruuk, 2002), and as such, are often 
used as conservation tools such as flagship or keystone species (Sergio et al., 2008). 
However, top predators are amongst the most negatively affected guild in the current 
Anthropocene mass extinction event, with 77% experiencing population declines (Ripple et 
al., 2014). Currently, the IUCN lists 61% of all carnivores above 15 kg as threatened and at 
risk of extinction (Ripple et al., 2014). These population declines and range contractions are 
caused by numerous anthropogenic threats including persecution, prey population depletion, 
and habitat loss and degradation (Breitenmoser, 1998, Ray et al., 2005, Hayward & Somers, 
2009, Ripple et al., 2014). Human intolerance has resulted in carnivores being the first, and 
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often the only, species to be extirpated from an area (Kruuk, 2002, Hayward & Somers, 
2009).  
Carnivore population declines have been linked to the loss of ecosystem functioning 
and stability worldwide (Estes et al., 2011, Ripple et al., 2014). The natural experiment 
provided by the creation of the Lago Guri islands in Venezuela, following the flooding of the 
forest to generate hydroelectric power, showed the effects predator loss can have on 
ecosystems (Terborgh et al., 2001). The loss of the predator guild resulted in cascading 
effects on species diversity and densities, plant recruitment, and soil nutrients (Terborgh et 
al., 2001, Terborgh & Freeley, 2010). Trophic cascades due to large carnivore loss, or their 
returned presence, have been observed in temperate (Ripple & Beschta, 2012), arctic (Croll et 
al., 2005) and aquatic ecosystems (Estes et al., 1998). The strong regulatory and stabilizing 
influences large carnivores have on ecosystems are a common argument for their 
conservation, but finding the most effective ways of conserving and maintaining viable 
populations of these species remains a challenge (Sergio et al., 2008, Ripple et al., 2014). 
Difficulties in conserving carnivores include that these species inherently occur at low 
densities due to their high trophic level and most are elusive by nature. Additionally, they are 
often nocturnal and highly mobile over large, often remote areas, as well as being difficult to 
capture and observe (Hayward et al., 2007b, Boitani et al., 2012, Ripple et al., 2014). These 
characteristics also make monitoring populations and hence determining the outcome of the 
conservation actions difficult and expensive (Breitenmoser et al., 2001). Furthermore, the 
potential for human-carnivore conflict resulting from predator population recovery can cause 
substantial socio-economic costs that can negatively impact conservation efforts 
(Breitenmoser et al., 2001, Winterbach, 2013, Marshall et al., 2016).  
 
Reintroduction 
 Conservationists seeking solutions to address declining species populations have a 
variety of tools available to them. These include the creation and protection of areas of 
species’ habitats, increasing connectivity between protected areas, improving conservation 
efforts, limiting and/or regulating the harvest of animals, and moving animals to restore or re-
establish populations (Pereira et al., 2010, Seddon et al., 2014). Reintroduction falls under 
the grouping of conservation translocations given by the IUCN and is defined as the 
movement of species into regions within their indigenous range from which the species has 
been extirpated (IUCN/SSC, 2013). Despite reviews indicating poor success in terms of 
population establishment (Griffith et al., 1989, Wolf et al., 1998, Fischer & Lindenmayer, 
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2000, Breitenmoser et al., 2001), reintroductions are becoming increasingly common globally 
as evidenced by the establishment of the Reintroduction Specialist Group (RSG) within the 
IUCN/SSC and the projects reported (Soorae, 2008, 2010, 2011, 2013, 2016).  
 Seddon et al. (2012) provide examples of other objectives for animal translocations 
that include the release of rehabilitated animals, non-lethal control of problem individuals, 
biological control, and religious or aesthetic reasons. Furthermore, species can be released to 
an area to restore lost ecological roles (Lunt et al., 2013) or to support economic objectives 
such as ecotourism (Langholz, 1996, Hayward et al., 2007a). All of these objectives can 
result in the reestablishment of a species in its indigenous range while not necessarily 
meeting conservation objectives. In the current hierarchical structure given by the IUCN it is 
unclear what ‘intentional movement of the species into its indigenous range’ is to be called 
when not done for conservation purposes, if it is not a reintroduction. Such movements are 
grouped under the blanket term of non-conservation translocations with no distinction 
between movements done to an area within the species’ indigenous range and extralimital 
introductions. This is an important distinction as extralimital introductions can potentially 
cause damage to the area and its native species, through, for example, introductions of 
pathogens or disruptions of ecological interactions (Ricciardi & Simberloff, 2009).  
  The sensu stricto conservation-centric definition of reintroduction, wherein 
reintroductions are done strictly to meet conservation objectives, may result in an under 
appreciation of the extent to which species are being moved into previously unoccupied areas 
of their indigenous range and the value of these movements. For the purposes of this study, I 
differentiate between this sensu stricto definition of reintroduction and a broader, 
biogeographical sensu lato definition that classifies a reintroduction as the intentional 
movement of the species into its indigenous range from which it has been extirpated.  
 The majority of published literature on reintroduction consists of descriptive articles 
on projects and their initial outcomes and lacks a priori objectives and success criteria, or is 
published as grey literature (Sarrazin & Barbault, 1996, Fischer & Lindenmayer, 2000, 
Robert et al., 2015). While there is movement towards more standardised approaches to 
reintroduction (Seddon et al., 2007, Robert et al., 2015), improvement is needed in the 
planning and assessment of these undertakings, allowing those involved to learn from past 
attempts and thereby improve success. However, currently there are no universally accepted 
criteria for determining reintroduction success or failure, which impedes the assessment of 
how effective reintroductions are in meeting their objectives. Furthermore, a standardised 
definition is unlikely to be applicable to any given reintroduction s.l. due to the diversity in 
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objectives and the variation in species’ and the reintroductions’ characteristics (Seddon, 
1999, Kleiman et al., 2000, Robert et al., 2015). In Chapter 2, I expand on these issues and 
present a framework to be used in assessing outcomes of reintroductions falling under the 
sensu lato definition that integrates varying objectives and associated success criteria. 
 
Carnivore reintroductions in South Africa 
 Changes in land use practices in the early 1990s made wildlife more economically 
beneficial than livestock and resulted in wildlife reintroductions s.l. to areas previously used 
for farming (Langholz & Kerley, 2006). Reintroductions s.l. of large carnivores have been 
relatively common in South Africa to both private- and state-owned reserves (Hofmeyr & 
Van Dyk, 1998, Hayward et al., 2007a, Hunter et al., 2007, Bach et al., 2010, Davies-Mostert 
et al., 2015). Large carnivores have a high ecological value but are also charismatic species 
that are favoured by tourists (Lindsey et al., 2007, Maciejewski & Kerley, 2014, Clements et 
al., 2016). Therefore, predators provide economic incentives for reintroduction, especially in 
countries like South Africa, where landowners have rights to wildlife and the income it 
generates (Langholz, 1996, Muir-Leresche & Nelson, 2000). As a result, reintroductions of 
carnivores to South African reserves provide opportunities to assess these reintroductions in 
relation to objectives other than conservation. 
 The African large carnivore guild comprises lion (Panthera leo), leopard (Panthera 
pardus), cheetah (Acinonyx jubatus), African wild dog (Lycaon pictus), spotted hyaena 
(Crocuta crocuta) and brown hyaena (Parahyaena brunnea), nomenclature following 
Skinner & Chimimba (2005). This is the most functionally and taxonomically diverse guild 
of large carnivores in the world (Dalerum et al., 2009) that remains intact following the 
Pleistocene megafaunal extinctions elsewhere (Van Valkenburgh et al., 2015). Following 
global trends, these African carnivore species are undergoing range contractions and habitat 
loss (Ray et al., 2005, Ripple et al., 2014). Lions currently inhabit 17% of their former range 
(Ray et al., 2005). Cheetah have become extinct in 13 countries over the last 50 years and 
African wild dogs have been extirpated from 25 of the 39 countries they formerly occupied 
(Ray et al., 2005). Currently, lion, leopard, and cheetah are listed as Vulnerable, and African 
wild dogs as Endangered on the IUCN Red List (IUCN, 2016). Brown hyaena are listed as 
Near Threatened and spotted hyaena are listed as a species of Least Concern (IUCN, 2016). 
However, in some regions of Africa carnivore populations are recovering due to conservation 
efforts, including reintroduction s.l. This project will assess the outcomes of large carnivore 
reintroductions s.l. to a cluster of private and state reserves located in the Eastern Cape 
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Province, South Africa (Chapter 3). These reintroductions, starting in the 1980s, were first 
assessed ten years ago by Hayward et al. (2007a). By the end of the study period (2005), all 
the reintroductions were considered successful (Hayward et al., 2007a) based on the 
establishment of a breeding population with recruitment exceeding adult death rate for three 
years post-release (Griffith et al., 1989). This study aims to determine if these reintroductions 
have continued to meet their objectives over time as well as providing insights into 
consequences of the reintroductions that may have arisen since the original assessment; this 
in the form of emerging human-carnivore conflict.  
 
Human-carnivore conflict 
 Persecution of carnivores due to both real and perceived threats to humans and 
livestock is a major driver of global predator population declines (Breitenmoser et al., 2001, 
Kruuk, 2002, Ray et al., 2005, Ripple et al., 2014) and the primary reason large carnivores 
were driven extinct throughout the Eastern Cape. Conflicts with carnivores can result in both 
direct and indirect costs for surrounding communities (Nyhus et al., 2005, Barua et al., 2013). 
Direct costs include injury or fatality, as well as financial costs associated with this and with 
losses of livestock to depredation (Nyhus et al., 2005, Barua et al., 2013). Indirect costs 
include health impacts, such as injury or increased stress, and missed opportunity costs, such 
as time lost due to searching for predators or employees refusing to work due to the presence 
of predators (Barua et al., 2013).  
 Human-carnivore conflict increases due to the positive shifting baselines (Pauly, 
1995) or lifted baselines (Roman, 2015) created by recovering carnivore populations (Treves 
& Karanth, 2003, Chapron et al., 2014), making it a major challenge in predator 
conservation. Reintroductions return carnivores to areas that had been predator-free for 
extended periods of time, resulting in lifting baselines (Roman et al., 2015) of predator 
density in these areas. These lifting baselines may result in the reinstatement of human-
carnivore conflict. However, this direct cost of reintroduction is rarely addressed in published 
literature. For example, only one reintroduction in Soorae (2013) included conflict mitigation 
in its goals and no other records were found in the other RSG publications (Soorae, 2008, 
2010, 2011, 2016). The only description of human-carnivore conflict following 
reintroduction in South Africa was given by Hunter et al. (2007) who reported six escapes by 
lion with only one of these events resulting in depredation. Generally, studies on conflict 
appear to be conducted when it emerges, or conflict management is done internally and thus 
not published. 
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 In the Eastern Cape, predator-free landscapes were the shifted baseline experienced 
by several generations of farmers following the extirpations of large carnivores in the 
province from the 1870s to the early twentieth century (Skead, 2007) and prior to the 
reintroductions primarily undertaken in the early 2000s (Hayward et al., 2007a). As a result 
farmers have managed their livestock in the absence of threats from large carnivores for 
several decades. Conflict with reintroduced large carnivores in the Eastern Cape has not been 
addressed, and there is a need to understand the effects lifted baselines will have on farmers 
in the area and how best to address emergent conflict.  
 
Objectives 
 This study addresses three objectives. The first is the development of a robust, 
objective-based definition of reintroduction s.l. success that will assist with assessing the 
effectiveness of these endeavours in meeting their objectives, as well as potentially 
improving current and future planning of reintroductions (Chapter 2). Secondly, the 
reintroduction s.l. history of large carnivores to the Eastern Cape, South Africa will be 
documented until the end of 2015 (Chapter 3). This assessment is done 10 years following the 
initial assessment done by Hayward et al. (2007a) as recommended by Breitenmoser et al. 
(2001) who highlighted the need for repeated assessments. The reintroductions will be 
assessed using the definitions of reintroduction s.l. success developed in Chapter 2, providing 
a more nuanced and comprehensive assessment to determine if the reintroductions have 
continued to meet their objectives. Additionally, issues that may have emerged since the first 
assessment will be determined. Reintroductions of apex predators may result in unintended 
consequences, including the reinstatement of human-wildlife conflict that may have been a 
major driver of earlier extirpations. Reinitiated human-carnivore conflict may ultimately 
threaten the reintroductions themselves and therefore needs to be clearly understood. As such, 
this study’s third objective is to assess the presence and extent of human-carnivore conflict 
involving the reintroduced species in the Eastern Cape Province (Chapter 4). The final 
chapter of this dissertation integrates the preceding three chapters into a concluding 
discussion. This will include contextualising the findings within global experience and 
highlighting the relevance and practical application of these findings to the reintroduction 
biology field. Additionally, the discussion will evaluate the effectiveness of the research 
approach used in this project in meeting its objectives. The chapters for this dissertation will 
be presented as manuscripts intended for publication, and, as a result, there may be some 
repetition between chapters.  
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Chapter 2: Developing a context-specific definition of success in reintroduction biology  
 
Introduction 
 Human-mediated movement of wild species has occurred throughout history and is a 
common tool for conservation (Griffith et al., 1989, Fischer & Lindenmayer, 2000, 
Breitenmoser et al., 2001). Reintroduction is defined as the movement of animals into areas 
within their indigenous range from which they have been extirpated where the primary 
objective is a conservation benefit (IUCN/SSC, 2013) and is a potentially powerful tool for 
both conservation and ecological restoration through the establishment of new populations 
(van Wieren, 2006). However, monitoring and assessment of reintroductions have historically 
been poor and the reintroduction biology field lacks accepted assessment criteria (Sarrazin & 
Barbault, 1996, Seddon, 1999, Robert et al., 2015). Furthermore, this conservation-centric 
view of reintroduction may result in an under appreciation of the extent and value of species 
movements into unoccupied areas of their indigenous range that are done to meet objectives 
other than reintroduction. Fischer & Lindenmayer (2000) found that 43% of North American 
and 31% of Australian translocations were done for reasons other than conservation or 
unknown reasons. Other objectives include ecotourism (Sims-Castley et al., 2004, Hayward 
et al., 2007a), which is likely to be an important driver of reintroductions in countries where 
wildlife has value to landowners (Langholz, 1996, Muir-Leresche & Nelson, 2000, Chapter 
3) or problem animal management (Fontúrbel & Simonetti, 2011).  
 To differentiate between these reintroduction definitions, I refer to the IUCN 
definition as the sensu stricto reintroduction definition and the broader, biogeographical 
definition that classifies a reintroduction as the intentional movement of the species into its 
indigenous range from which it has been extirpated as the sensu lato definition. The range of 
objectives for reintroductions s.l. necessitates context-dependent success criteria to assess 
outcomes.  
 As with any endeavour, the understanding of how effectively it achieves its objectives 
is crucial. The lack of a universally relevant and accepted definition, or set of criteria, for 
determining reintroduction success makes it difficult to assess past reintroductions and limits 
the scope of peer review and independent evaluation that is often missing in reintroduction 
biology (Breitenmoser et al., 2001). Therefore, past studies tend to offer little help in guiding 
current and future reintroductions, which is becoming increasingly important with the rise in 
reintroduction projects (Soorae, 2008, 2010, 2011, 2013, 2016) despite past reviews reporting 
low success rates of population persistence (Griffith et al., 1989, Wolf et al., 1998, Fischer & 
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Lindenmayer, 2000, Breitenmoser et al., 2001). However, the RSG reports indicate higher 
success rates as assessments are based on project specific objectives. Published assessments 
of reintroduction outcomes are critical as they allow those involved in current and future 
undertakings to learn from failures and successes in order to avoid costly mistakes and animal 
welfare issues, and thereby improve chances of success. Such an assessment process is also 
important to meet the growing demand for evidence-based conservation interventions 
(Sutherland, 2003). Thus, the development of tools to measure the success or failure of 
reintroduction projects is needed. Here I clarify the nature of the issue and develop a context-
dependent definition of reintroduction success that takes into consideration differing 
objectives for reintroductions s.l. of species.  
 Assessing success is, however, a complex issue due to the fact that every 
reintroduction attempt represents a unique set of circumstances, and expected outcomes will 
vary with the species’ and the reintroductions’ characteristics and objectives, as well as with 
time (Seddon, 1999). Currently, the most widely accepted definition of a successful 
reintroduction is provided by the IUCN as one that re-establishes a viable population of the 
focal species within its indigenous range (IUCN/SSC, 2013). This definition is problematic, 
however, as defining what a viable population of a species is in itself difficult and the term 
can generally only be applied to a population in retrospect of its persistence or extinction 
(Seddon, 1999). Furthermore, reintroductions may be undertaken for objectives other than 
that of viable population establishment. Reintroductions have been assessed using a variety of 
criteria and these were addressed through a literature review.  
  
Reintroduction assessment review 
Methods 
 To determine how the varied criteria used to assess reintroduction outcomes are 
represented in the literature, I reviewed papers covered by the Web of Science and identified 
through the search procedure outlined below. I focussed on papers documenting independent 
reintroduction s.l. events, limited to animal species. I did not include any translocation or 
reinforcement events despite these other types of movement being referred to as 
reintroductions in some papers. Predictive or hypothetical modelling exercises were also not 
included. I aimed to use the earliest assessment following the reintroduction event as these 
were potentially more likely to include details on the objectives for the reintroduction which 
is of key interest for this chapter. Consequently, if an earlier assessment of the case study was 
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referenced in a paper, the earlier assessment replaced that paper in our review irrespective of 
whether or not it was found in the Web of Science search. 
 Search terms run through the Web of Science “all databases search function” were 
‘reintroduct* AND success’ and ‘translocat* AND success’, refined by research domain 
‘science technology’. Both reintroduction and translocation were included in the search as the 
terminology was sometimes used interchangeably (e.g. reintroduction was used to describe 
movements of animals to areas that had conspecifics). The search results were reduced to 
only reintroductions by reading through the papers in cases where abstracts did not provide 
clarity as to whether movements were into vacant areas within the species’ indigenous range. 
A database of the relevant papers was created and data fields included; 1) if the criteria for 
reintroduction success were  a) defined – where clear criteria values were given to determine 
the outcome of the reintroduction (e.g. survival of over 75% was considered a success), b) 
given – criteria measured were provided but definitive values were not given a priori (e.g. 
survival of individuals was measured to determine success), c) none – success was 
determined ad hoc with no clear criteria given; and 2) what these criteria were; 3) the 
duration of the study; and 4) whether the reintroduction was deemed a success or a failure 
using the criteria given in the study.  
Results and discussion 
 This search delivered 131 papers in 57 scientific journals and nine in other 
publications (such as reports or proceedings) published over the last 31 years that were 
relevant to this review as of 31 October 2015. An important caveat in these analyses is that I 
assume that studies of reintroduction attempts that failed are less likely to be published. 
Successful reintroductions, or those that showed a partial or initial success, were described in 
72.5% (n = 95) of reviewed papers. Failures accounted for 19.1% (n = 25) and a further 
19.1% (n = 25) had inconclusive findings at the end of the study period. These data do 
include some overlap, as 12 studies had both successful and failed parameters or covered 
multiple reintroduction events and/or multiple sites at which outcomes varied. These results 
are contrary to earlier reviews of reintroductions by Griffith et al. (1989) and Fischer and 
Lindenmayer (2000) that reported low success rates. This is likely due to earlier reviews 
using the establishment of a self-sustaining population as the determinant of success while 
my review took into account the individual reintroduction projects’ objectives. As such, the 
results from my review are more comparable to those presented in the RSG Global 
Reintroduction Perspectives series that also report high success rates for reintroductions 
described therein (Soorae, 2008, 2010, 2011, 2013, 2016).   
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 Only 42 papers (32.1%) provided clearly defined success criteria by stating a priori 
what measurements would be taken and what the requirements were to classify the 
reintroduction as a success. More than half of reintroduction outcomes were determined post 
hoc (58.8%, n = 77), with measured parameters given but without predetermined definitive 
values delineating success and failure. Thirteen papers (9.9%) determined success ad hoc 
based on observations during the study period.  
 The IUCN defines successful reintroductions as those resulting in the re-establishment 
and persistence of a population. However, relatively few papers used success criteria that can 
be linked to the IUCN definition, such as a self-sustaining population (7.6%, n = 10), genetic 
evaluations (7.6%, n = 10), persistence (3.8%, n = 5), a viable population (3.1%, n = 4) or 
Griffith et al. (1989)’s suggestion of a population size of over 500 individuals (1.5%, n = 2). 
The longer timeframe required to confirm that the reintroduced population meets the 
aforementioned requirements explains why these criteria are not commonly used, especially 
for initial assessments. As such, these criteria can be applied either following long-term 
monitoring of reintroduced populations’ demographics or by assessments done a long time 
after the reintroduction has occurred. An alternate option is estimating persistence 
theoretically with genetic and/or demographic predictive models, such as population viability 
modelling, that use data collected from the study population and supplemented where 
necessary with data from source populations (Breitenmoser et al., 2001). This provides a tool 
for researchers to predict the potential persistence of populations in shorter timeframes 
following the reintroduction event and then, if subsequent data are collected, to monitor the 
population over time in relation to predicted trends.  
 The majority of initial assessments were undertaken less than five years following the 
reintroduction event (55.0%, n = 72), and only 26.0% (n = 34) were done between five and 
10 years and 19.8% (n = 26) in over 10 years. While the majority of papers used multiple 
criteria to determine success; survival/mortality rate of the released population was the most 
commonly used criterion (74.0%, n = 97), followed by reproduction that included both 
breeding events and/or the birth of offspring (62.6%, n = 82). Survival and breeding are good 
initial assessment criteria as they are important for the establishment of a new population. 
The combination of these two criteria applied to the release generation was suggested by 
Seddon (1999) as the first assessment of a reintroduction’s outcomes. Correspondingly, 
Griffith et al. (1989) suggest the breeding of the first wild-born generation and, thereafter, a 
breeding population with natural recruitment exceeding mortality rate in its first three years 
as indicators of success. Other commonly-used criteria were: remaining in the reintroduction 
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site (27.5%, n = 36), population growth (19.8%, n = 26) and establishment of the population 
(16.8%, n = 22), though the criteria for what constituted establishment varied between papers. 
 
Determining reintroduction success criteria  
 The criteria for reintroduction success should be driven by the objectives of the 
reserve or program (Breitenmoser et al., 2001). Recent publications by the IUCN RSG have 
left the determination of goals and success criteria for the reintroduction projects to 
individual authors (Soorae, 2008, 2010, 2011, 2013, 2016). While these IUCN RSG reports 
are valuable in providing guidance for conservationists involved in similar undertakings, the 
variation in goals and the criteria to meet these goals can be high, making this approach 
unsuitable for assessing the overall effectiveness of reintroduction. More synthesis-based 
 
Fig. 2.1.: IUCN translocation definitions adapted from “Guidelines for Reintroductions and Other 
Conservation Translocations” (IUCN/SSC, 2013). 
Translocation 
Conservation 
- improve species status 
- ecosystem restoration 
Conservation 
introduction 
- assisted colonization 
intentional movement and 
release of an organism 
outside its indigenous 
range to avoid extinction 
of populations of the focal 
species 
- ecological replacement 
intentional movement and 
release of an organism 
outside its indigenous 
range to perform a specific 
ecological function 
Population 
restoration 
- reintroduction 
 intentional movement and 
release of an organism 
inside its indigenous 
range from which it has 
disappeared 
- reinforcement 
intentional movement and 
release of an organism 
into an existing 
population of 
conspecifics. 
Other 
- non-lethal control 
- rehabilitation release 
- commercial/recreational 
- religious 
- biological control 
- animal rights liberation 
- aesthetic 
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research (e.g. Batson et al., 2015) on the case studies provided should be encouraged as these 
project reports are not always submitted to peer-reviewed journals. The need remains for a 
definition that is more universally relevant and adaptable to the variety of rationales while 
still being concise enough to be of value in evaluative and comparative studies of 
reintroduction projects.  
 Below I identify and discuss four objectives for reintroduction s.l. and propose 
success criteria for each (Fig. 2.2, Fig. 2.3). This is the first iteration of a context-dependent 
approach to provide a conceptual framework to assess the outcomes of reintroductions, 
successful or otherwise, that should be used in conjunction with the IUCN guidelines relating 
to selecting sites that are suitable for the species so that welfare concerns are minimised. Such 
a framework should ultimately be considered for incorporation into the next iteration of the 
IUCN RSG Guidelines and applied in case studies. These objectives (economic, ecological 
conservation, species conservation and problem animal management) were chosen as they 
were more likely to result in reintroductions than the other translocation objectives given by 
the IUCN/SCC (2013) (Fig. 2.1).  
 
Reintroductions for economic objectives 
Rationale 
 Some countries, such as South Africa, allow private landowners to have control over 
wildlife and the income it generates (Langholz, 1996). In such countries, economic objectives 
are more likely to be primary drivers of reintroductions to private land (Sims-Castley et al., 
 
Fig. 2.2.: The different objectives for reintroduction s.l. of animal species into an area within their 
indigenous range and the rationales behind them. These objectives are not mutually exclusive. 
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2004, Chapter 3). Reintroductions to private land can have important implications for 
conservation, as, for example, in South Africa private wildlife areas cover more than double 
the land protected by the state (Taylor et al., 2016). This private land was stocked primarily 
through reintroductions s.l. as the properties were predominantly converted livestock farms 
within wildlife species’ indigenous ranges. Economic objectives are likely to be less 
prevalent in countries where wildlife is state-owned, even if financial benefits resulting from 
reintroduction do occur (e.g. Duffield et al., 2008). Species reintroduced for economic 
reasons generally fall into two sectors; ecotourism and hunting (Fig. 2.3). Game meat 
production and other products, as well as live sales, could also drive reintroductions, though 
this is primarily found in southern Africa (Taylor et al., 2016, Fig. 2.2). Revenue, estimated 
by Taylor et al. (2016) over 9000 properties in 2014, was US$288 million for live sales, 
US$174 million for hunting (excluding extra costs such as accommodation), US$41 million 
for game meat. Janovsky (2015) estimated the turnover for the tourism sector in South Africa 
to be US$7 billion including the costs of accommodation, food, and transport. These data 
demonstrate the scale of economic incentives for reintroductions. 
 Species reintroduced for ecotourism are typically charismatic in order to attract 
tourists. Animals such as lions (Panthera leo) and elephants (Loxodonta africana) are 
examples of charismatic species preferred by tourists (Kerley et al., 2003a, Maciejewski & 
Kerley, 2014) that have been used to increase tourism. Reintroductions for hunting will be 
 
Fig. 2.3.: Reintroduction s.l. objectives and their associated, context-dependent success criteria. 
These criteria can all be expressed in numerical terms a priori, providing robust scientific 
assessment tools. 
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driven by the popularity of the species for either recreational or trophy hunters, with the latter 
focussed on individuals displaying specific traits such as large horns, tusks and/or body size 
(Taylor et al., 2016). For example, wild boar (Sus scrofa) were successfully reintroduced by 
hunting associations to Peloponnesus, Greece, resulting in approximately 1700 hunters being 
involved in the hunting of the species in 2003 (Tsachalidis, 2008). 
 Reintroduction success definition 
 A reintroduction to support ecotourism can be considered successful if the species 
persists in a timeframe relevant to the manager and results in an increase in financial benefits 
for the reserve (Fig. 2.3). Success could be measured by an increase in tourist numbers, 
tourist satisfaction, or changes in income over time. For example, in Yellowstone National 
Park, the presence of grey wolves (Canis lupus) led to a 3.7% increase in park visitation 
following their reintroduction, that translates to over US$35 million in visitor expenditure 
annually (Duffield et al., 2008). However, this information may be difficult to obtain by 
independent outside researchers due to privacy concerns or commercial secrecy, especially in 
cases where the reserves are privately owned. Alternatively, the number of observations of 
the species by tourists or tourist satisfaction over time could be used to measure success (Fig. 
2.3). Additionally, it is likely that some population density of the focal species would have to 
be reached, as an individual that is never seen cannot be considered an ecotourism success 
even if it survives, and this density may vary with species (Maciejewski & Kerley, 2014).  
 For reintroductions motivated by hunting, the reintroduced individuals need to survive 
until they are ready to be hunted. Furthermore, the reintroduced population should be able to 
sustain hunting offtakes unless the population is continually supplemented to maintain 
desired densities in the area over time. There are however examples of “put and take” 
hunting, whereby the individuals to be hunted are only released into an area immediately 
prior to being harvested (Lindsey et al., 2006). An example of this is the canned hunting of 
lions that occurs in South Africa, but such practices are considered unethical and with little 
relevance to conservation (Lindsey et al., 2006). Such an ephemeral presence of the species 
in an area should not be considered as reintroduction s.l. Successful reintroductions for 
economic purposes have no requirements of breeding by the population in most cases, nor 
assisting with species’ global conservation, or even performing any ecological functions 
within the reintroduction habitat.  
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Reintroduction for ecological purposes 
Rationale 
 Many ecosystems across the globe are degrading due to biodiversity loss (Estes et al., 
2011). By restoring the species that originally shaped them, ecosystems can regain the 
processes that were lost with the species’ disappearance and, hence, can be restored towards 
their historic functional states (Sergio et al., 2008, Estes et al., 2011, Seddon et al. 2014, Fig. 
2.2). Restoration ecology is based on similar concepts but has been largely independent of 
reintroduction biology; however, restoration through reintroduction has been gaining more 
attention in published literature (Kerley et al., 2003b, van Wieren, 2006). 
 The ecological objective of a reintroduction requires an understanding of the 
ecological function of the extirpated species in the ecosystem, and often incorporates trophic 
cascade theory that stems from Hairston et al. (1960) and the associated keystone species 
concept (Paine, 1995). Understanding a species’ potential effect/s on its ecosystem will allow 
for its reintroduction to drive desired ecological processes in an area. However, interactions 
between species and their ecosystems are, in general, poorly understood and historical states 
of these processes are often based on anecdotal evidence. This lack of understanding makes 
ecological reintroductions aimed at restoring trophic processes potentially risky due to the 
unpredictability of the outcomes. Furthermore, anthropogenic impacts on the landscape, such 
as agriculture, may in turn affect species’ effects on ecosystems (Kuijper et al., 2016).  
 Ecological restoration through species reintroduction, and its potential for far-
reaching unforeseen effects, has been exemplified by the return of wolves into the 
Yellowstone ecosystem after a 75-year absence. This is despite the reintroduction being 
driven by a species conservation objective, as wolves were listed as vulnerable in the USA at 
the time (Fritts et al., 1997, Ripple & Beschta, 2012). The reintroduction of the wolf resulted 
in dramatic ecological changes that ranged from elk (Cervus elaphus) population declines and 
concurrent behavioural changes that lead to cottonwood and aspen species (Populus spp.) and 
willow (Salix spp.) population increase. This, in turn, stabilized riparian areas and led to 
recolonization by numerous other species, including American beaver (Castor canadensis) 
and songbirds (Ripple & Beschta, 2012). The wolf reintroduction has been used as the 
primary example of the practical application of using top predators to reshape ecosystems; 
however, herbivores can also play major roles in habitat structure and function. For example, 
elephants foraging activity can convert thicket into shrubland (Cumming et al., 1997).   
 A secondary aspect of the ecological rationale for reintroduction is the reinstatement 
of evolutionary pressures in ecosystems (Fig. 2.2). A species’ presence and its interaction 
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with other species and the environment provide positive feedback loops that drive 
evolutionary change. The reciprocal effects of evolutionary dynamics on species and their 
ecosystem can be rapid enough to be ecologically important over observable timescales. For 
example, beavers preferentially fell poplars that have lower tannin levels, leading to an 
increase in poplar genotypes with higher condensed tannins after five years of selective 
herbivory by reintroduced beavers (Whitham et al., 2006). Tannin concentration, in turn, 
affects arthropod communities and facilitates different ecosystem processes, and as a result 
poplars and the communities they support may be markedly different in areas with beavers 
than in areas without beaver herbivory pressure (Whitham et al., 2006). Evolutionary 
pressures can also be seen in predator-prey relationships that can result in changes in 
behaviour, demography, and density of prey species through both direct and indirect effects 
following the reintroduced presence of predators, all of which may have effects on the 
ecosystem (Ripple & Beschta, 2012). Herbivores also exert evolutionary pressures on plant 
communities through herbivory and trampling or providing functions such as seed dispersal 
(Hendrix, 1988).  
Reintroduction success definition 
 Reintroductions undertaken for ecological restoration can have varied criteria of 
success as this objective has the broadest range of rationales, as discussed above. Desired 
outcomes should be decided prior to the reintroduction by identifying which aspect of the 
ecosystem requires restoration through observation of similar systems or historic data, or by 
identifying the undesirable process in the target ecosystem. This allows for success or failure 
to be determined through monitoring the reintroduced populations’ effects on the ecosystem 
over time in relation to the key metric, and determining what density the focal species needs 
to reach in order for these changes to occur. Ideally, the changes over time should be 
compared to historical ecosystem function data. Unfortunately, this is not always available, 
making direct comparisons of reintroduction sites to baseline data difficult (Hayward, 2009). 
As a result, reference sites similar to the reintroduction site may be used as a proxy if 
available (Fig. 2.3). Additionally, any data collected over time at the site can provide baseline 
data for future reintroductions. Reference sites chosen should be similar to the reintroduction 
site based on physical characteristics (Morgan & Short, 2002). McColley et al. (2012), as an 
example, measured aspen and willow recovery following the reintroduction of American 
beaver to Yellowstone by comparing canopy cover of mature trees, and sprout and sapling 
density at beaver active sites to control sites that were inactive, and those that had < 10% 
beaver activity. Alternatively, trajectory models can be used to track the restoration of a site 
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in relation to the mean of the reference site over time (Morgan & Short, 2002, Fig. 2.3). 
Measurements of ecosystem attributes related to the processes provided by the reintroduced 
species, such as species diversity (Nichols & Nichols, 2003), vegetation structure (Salinas & 
Guirado, 2002) and ecological processes (Chambers et al., 1994) are all examples of suitable 
criteria as they have been linked with long-term persistence of ecosystems.   
 The reintroduced population also has to persist long enough to drive and maintain 
ecosystem processes but the population itself does not necessarily have to be viable if 
reinforcements are possible. For example, same-sex populations of predators can be 
reintroduced to reserves to restore ecological roles while minimising management costs and 
risks of overpopulation in small reserves (see Chapter 3). Additionally, the size of the 
population is often not directly related to its impact on the ecosystem. As in the case of the 
Yellowstone wolves (Ripple & Beschta, 2012), it is the presence of large predators alone, 
rather than their numbers, that resulted in the profound ecological effects observed. However, 
reintroduced species would likely have to reach some functional density before the desired 
ecological processes are established. For instance, elephant-induced conversion of thicket to 
shrubland occurs at densities of 0.5-1 elephant per km
2
 (Cumming et al., 1997), and the shift 
to bottom-up regulation of the moose (Alces alces) population on Isle Royale, USA, when 
wolf numbers declined implies that some predator density is required for top-down regulation 
(Wilmers et al., 2006).  
 
Reintroduction for species conservation 
Rationale 
 It is axiomatic that outcomes of reintroductions for species conservation purposes 
should ensure the survival and persistence of a species (Fig. 2.2); this being the overall goal 
of species conservation. Previous suggestions of success criteria for this objective include 
viable, self-sustaining populations (Griffith et al., 1989) with empirical minimum viable 
population estimates showing broad variation between taxa (Traill et al., 2007) or the use of 
IUCN Red List criteria (Breitenmoser et al., 2001, Robert et al., 2015). As such, successful 
reintroduction for conservation purposes is more difficult, if not impossible, to achieve at a 
single site for a variety of reasons that are expanded upon below.  
 Many species, in particular carnivores and large herbivores, require large home ranges 
(Lindstedt et al., 1986, Sergio et al., 2008) and some may not occur in large populations 
naturally (Nowell & Jackson, 1996). Prospects for the reintroduction of viable populations of 
such species will thus be limited by the availability and productivity of the area, as well as its 
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carrying capacity (Kerley et al., 2003b, Hayward et al., 2007a). Hence, the aforementioned 
criteria automatically preclude reintroductions of such species from ever being successful, as 
the majority of available reintroduction sites cannot support ‘viable’ populations. 
Additionally, populations may only be considered viable in retrospect unless population 
modelling tools, such as population viability analyses, are used and tested frequently, or if 
naturally occurring viable populations occur for comparison of population sizes and 
demographic characteristics (e.g. Davies-Mostert et al., 2015).   
 The requirement of large discrete reintroduced populations can be relaxed if the 
population is part of a managed metapopulation, with smaller populations reintroduced to 
several reserves in a manner that simulates natural immigration and emigration through 
human-mediated translocations between them. The managed metapopulation structure 
improves the overall population’s resilience to stochastic genetic and environmental events 
(Davies-Mostert et al., 2015). The metapopulation approach has been used effectively in the 
conservation of the African wild dog (Lycaon pictus, Davies-Mostert et al., 2015) and 
cheetah (Acinonyx jubatus, pers. com., V van der Merwe, EWT, 2016) in South Africa. In the 
case of the African wild dogs, smaller packs have been reintroduced into multiple reserves 
across the country to form a managed metapopulation, with managed movement between 
them to simulate natural immigration and emigration patterns. This approach still may not 
meet viable population size requirements. However, the African wild dog metapopulation in 
South Africa reached a maximum of 202 individuals (Davies-Mostert et al., 2015) which is 
greater than the current population size of the Kruger National Park population that is 
considered viable and not currently part of the metapopulation (Marnewick et al., 2014).  
 Small and isolated populations can also contribute to conservation by providing 
individuals for subsequent reintroductions and/or translocations. For example, lions were 
reintroduced to Phinda Game Reserve, South Africa in 1992, and the population within the 
reserve has fluctuated between 15 to 25 individuals (Hunter et al., 2007). From this 
population, 57 cubs have been translocated to other reserves in the country by 2004 (Hunter 
et al., 2007). Similarly, the population of black rhinoceros (Diceros bicornis) reintroduced 
into the Great Fish River Nature Reserve in 1986 expanded and five individuals were 
eventually translocated from the reserve in 2006, with subsequent translocations being 
planned (Law et al., 2013).  
Reintroduction success definition 
 I propose that reintroduction success for species conservation should be considered on 
two scales: at the individual reserve or site and, thereafter, in relation the species’ global 
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conservation status. Firstly, the reintroduced individuals have to survive at the release site. 
Researchers should determine an acceptable survival rate for the individuals in the 
reintroduced population, ideally based on demographic parameters of wild populations if 
available (Fig. 2.3). The desired rate can initially be lowered to allow for increased mortality 
resulting from the stress of the reintroduction process (Kock et al., 1990) and the novel 
environment into which the population was reintroduced (Zidon et al., 2009). Thereafter, a 
good indicator of initial success should be a healthy breeding population, with recruitment 
exceeding mortality rate until the population reaches its regulation phase (Fig. 2.3). The 
timeframe for the initial assessment should take into account the species life history 
characteristics and be determined in the planning stages of the reintroduction. These two 
criteria follow the trend seen in the literature of using survival and breeding to assess 
reintroduction outcomes.  
 Thereafter, to be considered a species conservation reintroduction success, the 
reintroduced population should contribute to the species’ persistence and status globally. This 
can occur in one of three ways, 1) that the population contributes to, or has the potential to 
contribute to (in the case of chemical contraceptive measures that can be reversed), the 
genetic diversity of the global species’ population through successful breeding events, 2) that 
the population belongs to a group of populations within a metapopulation with managed 
movement between them to simulate natural immigration and emigration, and/or 3) through 
providing a source of individuals for subsequent reintroductions elsewhere (Fig. 2.3). 
Furthermore, these reintroduced populations should remain at regulation phase over time. 
 
Reintroduction for problem animal management 
Rationale 
 Animals that have caused damage to property or represent a threat to humans and/or 
livestock are labelled as problem animals and steps are usually taken to remove them. The 
publically preferred, non-lethal method is through translocation (Linnell et al., 1997, 
Fontúrbel & Simonetti, 2011, Weise et al., 2015). This movement can be classified as 
reintroduction s.l. as long as the release site has no conspecifics and is in the species’ 
indigenous range (Fig. 2.1). Fontúrbel & Simonetti (2011) found the overall effectiveness of 
moving problem animals to be 42%, however, the success of this management strategy 
remains questionable due to relatively few individuals remaining in the release sites due to 
strong homing or roaming behaviour following release (Linnell et al., 1997). This behaviour 
may be curbed through soft releases (individual kept within an enclosure at a reintroduction 
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site prior to release), thereby potentially improving the success of such reintroductions 
(Hunter et al., 2007), although the evidence for this is limited. Post-release monitoring of 
such reintroduced problem animals has also generally been poor, with minimal follow-up 
regarding the reduction of conflict at the removal or release sites or the survival of the 
translocated animals (Linnell et al., 1997). Removing conflict animals can also have other 
negative consequences when the animals come into contact with humans again due to 
negative associations with humans resulting from stress associated with translocation. This 
was observed in the Junnar region of India where leopard (Panthera pardus) attacks on 
humans increased at release sites following a large-scale translocation program of problem 
animals (Athreya et al., 2011).  
Reintroduction success definition 
 Reintroductions resulting from the removal of problem animals should be considered 
successful if the animal(s) do not return to the area they were removed from and they do not 
cause conflict in the area to which they have been reintroduced. These criteria were used to 
assess the success of leopard translocations in Namibia, where four of six individuals 
established at release sites without resuming killing livestock (Weise et al., 2015).  
 
Reintroduction meeting multiple objectives 
 The objectives and associated success criteria for reintroduction success proposed 
here are not mutually exclusive and allow for varied objectives to be met by a single 
reintroduction event. For example, bighorn sheep (Ovis canadensis mexicana) were 
reintroduced to the Fra Cristobal Mountains, New Mexico, and bobcats (Lynx rufus) onto 
Cumberland Island, Georgia, with the primary objective of establishing populations of the 
species in their historic ranges (Soorae, 2013). However, the additional objectives for the two 
species were different. The bighorn sheep population was also intended to be used for 
recreational hunting following its establishment, thereby meeting an economic objective 
(Soorae, 2013). In contrast, the recovery of the bobcat population on the island was also 
intended to meet the ecological objective of reducing herbivore populations to allow for the 
restoration of native vegetation (Soorae, 2013). Multi-objective reintroductions can be 
expected to attract more resources and management commitment; thereby such 
reintroductions will potentially have a greater chance of achieving success. 
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The role of adaptive management 
 Reintroduction success is not an intrinsic state that can be reached by a population, 
but one that is achieved at a point in time and in relation to external conditions. As such, the 
successful state of a reintroduced population can change over time in response to external 
pressures or from changes occurring within the site due to the presence of the reintroduced 
species. An example of this changing outcome is the failure of the Arabian oryx (Oryx 
leucoryx) reintroduction due to live capture, poaching, and land use changes, despite early 
assessments indicating success (Spalton et al., 1999). Long-term monitoring of reintroduced 
populations’ responses to environmental changes or new threats is important in ensuring they 
continue to meet the programme’s objectives (Seddon, 1999). Adaptive management is an 
efficient way of learning about changes within a system through the development and 
implementation of flexible management actions as structured experiments within a 
framework of objectives (Holling, 1978). Adaptive management principles have been 
advocated by scholars to improve conservation actions in response to changing conditions 
(e.g. Lyons et al., 2008, Gregory et al., 2012, Canessa et al., 2016). The understanding gained 
from monitoring a reintroduced population and how it is affected by management actions or 
changes in the environment can assist with other concurrent or future reintroductions. 
Furthermore, practitioners could be encouraged to make riskier management decisions to 
meet novel conservation challenges and learn from failures, that can provide potentially more 
valuable lessons (Breitenmoser et al., 2001). by applying adaptive management. By 
providing data to use in predictive models, adaptive management techniques can also assist in 
predicting site suitability and potential management requirements of other reintroduced 
populations. For example, a population of hihi (Notiomystis cincta) was reintroduced onto 
Mokoia Island, New Zealand, and a series of management manipulations was implemented 
over eight years (Armstrong et al., 2007). Effective management methods developed over the 
course of this study assisted in producing sustained population growth in other hihi 
reintroductions, even though the Mokoia population was eventually removed from the 
original reintroduction site (Armstrong et al., 2007). Adaptive management can improve the 
effectiveness of reintroduction in meeting objectives by encouraging conservationists to 
acknowledge uncertainties in the field and to learn from both successes and failures, and from 
risks taken by management. The success criteria presented in this chapter can readily be 
incorporated into an adaptive management framework to assess reintroductions in relation to 
their objectives. However, a detailed application is beyond the scope of this chapter. 
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Conclusions 
 A self-sustaining, viable population of a species is a primary goal of conservation. 
However, under current global circumstances and variation in reserve or programme 
objectives, this is not always possible or necessarily a desired goal. While the definitions of 
reintroduction success provided here can still be considered broad, they do take into 
consideration the multitude of factors that can drive reintroductions s.l. of different taxa and 
perhaps, most importantly, highlight that the objectives of individual reintroduction events 
are the primary factor in influencing how the outcome should be assessed. The proposed 
framework for the assessment of reintroduction programmes contributes to the effectiveness 
of such conservation endeavours through the planning, monitoring and assessment stages.  
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Chapter 3: An assessment of the large carnivore reintroductions to the Eastern Cape 
Province, South Africa 
 
Introduction 
 Large carnivore populations are declining globally and their disappearance has been 
linked with the trophic downgrading of ecosystems globally (Estes et al., 2011, Ripple et al., 
2014). Translocation of carnivores is a common conservation tool (Breitenmoser et al., 2001, 
Seddon et al., 2005), and has perhaps gained popularity following the well-publicised 
reintroduction of grey wolves (Canis lupus) to Yellowstone National Park and the subsequent 
positive effects the species’ presence has had on the ecosystem (Ripple & Beschta, 2012). 
However, the effectiveness of reintroduction as a conservation strategy has been questioned 
due to low success rates of population persistence (Griffith et al., 1989, Fischer & 
Lindenmayer, 2000, Breitenmoser et al., 2001).  
 Long-term monitoring and research of conservation actions, including reintroduction, 
is often lacking (Lindenmayer & Likens, 2009). Long-term data relating to conservation 
actions can improve and guide future management decisions by providing evidence to 
determine their efficiency in meeting objectives over time (Sutherland, 2003, Lindenmayer & 
Likens, 2009, Lindenmayer et al., 2012). In some cases, such data can be useful in 
establishing baselines and evaluating changes in populations and ecosystems in response to 
management actions (Lindenmayer & Likens, 2009). Additionally, post hoc assessments 
indicate that species with reintroduction programmes are more likely to improve in 
conservation status than those without (Hayward, 2011, Luther et al., 2016). As a result, 
monitoring conservation efforts can lead to favourable outcomes by ensuring that they 
continue to meet their objectives.   
 Despite the apparent frequency of carnivore reintroductions in South Africa (Hofmeyr 
& Van Dyk, 1998, Hayward et al., 2007a, Hunter et al., 2007, Bach et al., 2010, Davies-
Mostert et al., 2015), these endeavours have generally been poorly documented 
(Breitenmoser et al., 2001). In this chapter, I document the large carnivore reintroductions 
and their outcomes to the Eastern Cape Province, South Africa (Fig. 3.1), ten years after the 
last review by Hayward et al. (2007a). Repeated assessment will determine if the populations 
have continued to meet the reintroductions’ objectives in the long term. Furthermore, the 
majority of carnivore populations in the Eastern Cape should have reached carrying capacity 
15 years post reintroduction (Hayward et al., 2007c) and assessments at the population’s 
density-dependent regulation stage are considered the most important (Robert et al., 2015). 
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Long-term monitoring may also reveal the emergence of new issues associated with large 
carnivore reintroductions that could affect reintroduced populations. These reintroductions 
provide a suitable opportunity to test the context-specific success definitions developed in 
Chapter 2, as many of the reintroductions were driven by objectives other than conservation. 
For this study, large carnivores are defined as those over 15 kg (Ripple et al., 2014), 
reintroduction is defined using the sensu lato definition as the movement of a species into its 
indigenous range from which it has been extirpated, and reinforcement as the addition of 
individuals to an existing population of conspecifics in their indigenous range.  
Large carnivores in the Eastern Cape 
 This study was conducted in the Eastern Cape Province, South Africa (Fig. 3.1). The 
growth of the ecotourism industry following the economic downturn of pastoralism in South 
Africa (Langholz & Kerley, 2006) resulted in a surge of development of small game reserves 
(<30,000 ha), predominantly on private land (Cousins et al., 2008, Sims-Castley et al., 2004). 
These private reserves provided numerous potential reintroduction s.l. sites for wildlife across 
the country, and many reserves reintroduced large carnivores for ecotourism purposes, in 
addition to the species’ ecological value (Lindsey et al., 2007, Maciejewski & Kerley, 2014, 
Clements et al., 2016). Sixteen reserves in the Eastern Cape have reintroduced large 
carnivores to date (Fig. 3.1, Table 3.1). For this study, reserve names are omitted to ensure 
commercial anonymity.   
 
Fig. 3.1.: (A) South Africa showing the location of the Eastern Cape and (B) the private (black) 
and state (grey) reserves in the province that have reintroduced large carnivores.  
A B 
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Table 3.1: Details of private- and state-owned reserves in the Eastern Cape Province, South Africa, that reintroduced large carnivores, including 
size, type of ownership, year of establishment, dominant habitat type and the years of first reintroduction of the large carnivore species. If 
species were removed from the site, the year of removal is included in parentheses.  
 
Reserve 
 
Size 
(ha) 
Ownership 
 
Year 
Est. 
Year of first reintroduction (Year of removal) 
 
Habitat 
 
    
Lion Leopard Cheetah 
African 
wild dog 
Spotted 
hyaena 
Brown 
hyaena  
  S1
1
 42800 State 2000 - 2009 - - - 2015 Thicket 
  S2
1
 28000 State 1931 2003 2004 - - 2004 - Thicket 
  S3
1
 14000 State 2002 2010 2015 - - - - Thicket 
S4 45000 State 1994
2
 - ?
3
 - - - 1985 Thicket 
S5 11000 State
4
 2003 2007 2007 2007 - - - Thicket 
S6 28400 State 1937 2013 - 2007 - - 2008 Karoo 
P1 6100 Private 1999 2013 - 2003 - - 2003 Thicket 
P2 4500 Private 2000 2004 (2008) - 2001 (2008) - - - Thicket 
P3 2700 Private ? - - 2006 - - - Thicket 
P4 6000 Private 1994 2004 - - - 2006 (2009) - Thicket 
P5 20000 Private 2001 2001 2003 2001 2004 (2007) - 2003 Thicket 
P6 7500 Private ? ? ? 2005 - - - Thicket 
P7 4000 Private 2008 - - 2007 - - - Karoo 
P8 7000 Private 2004 2004 2006 2005 2007 (2009) 2004 - Thicket 
P9 27000 Private 2005 - - 2004 - - - Karoo 
P10 19000 Private 1992 2000 2001 2000 2003 (2007) - 2001 Thicket 
1 
S1, S2, and S3 are sections within a single reserve; however they are isolated from each other and as such are treated as separate reintroduction sites 
2 
S4 was established in 1994 with the consolidation of previously existing reserves 
3
 Leopards were reintroduced but disappeared from reserve in the mid-2000s, the species was picked up again in 2010 but it is unclear if these were the reintroduced 
individuals or individuals moving in from the adjacent KPGR 
4
 S5 is a contractual area of S1-3 with the land and facilities privately owned and managed but the large carnivores on the property are managed by SANParks  
? Indicates reserves for which complete interviews were not conducted or data were unavailable 
 
 26 
 
Historical distribution 
 South Africa’s large carnivore guild comprises lion (Panthera leo), leopard (Panthera 
pardus), cheetah (Acinonyx jubatus), African wild dog (Lycaon pictus), spotted hyaena 
(Crocuta crocuta) and brown hyaena (Parahyaena brunnea). Lions were historically 
widespread across the Eastern Cape but were extirpated from the province by 1877 (Skead, 
2007). They are currently listed as Vulnerable (IUCN, 2016) with the only viable, relic South 
African populations occurring in the Kruger National Park (approximately 1700 individuals, 
Ferreira and Funston, 2010) and the Kgalagadi Transfrontier Park (125 individuals in South 
African section, Funston, 2011). Leopards were historically present throughout the Eastern 
Cape and currently persist at low densities in more remote areas away from human habitation 
and thus occur outside fenced protected areas (Skead, 2007, Minnie et al., 2015). Cheetah 
were historically present in low densities throughout the interior of the Eastern Cape until the 
early twentieth century (Skead, 2007). Cheetah seemed to be absent from the coastal regions 
(Skead, 2007), possibly making introductions of the species into these areas extralimital 
(Boshoff et al., 2002, Hayward et al., 2007a). Both leopard and cheetah are also listed as 
Vulnerable (IUCN, 2016). African wild dogs were recorded throughout the province until the 
end of the nineteenth century but lingered in the Alexandria District until the 1920s (Skead, 
2007). Reports indicate that vagrant African wild dogs entered the Eastern Cape, possibly 
from the Kgalagardi area, in 1925 (Skead, 2007). Currently, the African wild dog is the only 
large carnivore species classified as Endangered in southern Africa (IUCN, 2016). A single 
viable population persists in the Kruger National Park, and a metapopulation program 
incorporating several reserves, primarily in the north and north-east regions of the country, is 
also in place (Davies-Mostert et al., 2015). Records indicate that both hyaena species 
occurred throughout the Eastern Cape, however, the use of colloquialisms in many old 
records make differentiating between the two species difficult (Skead, 2007). Spotted hyaena 
were extirpated in the nineteenth century while brown hyaena were only recorded in the Fish 
River area in 1919 (Skead, 2007). Spotted and brown hyaena vagrants were recorded 
occasionally through the twentieth century in the province (Skead, 2007). Brown hyaena are 
considered Near Threatened and spotted hyaena are of Least Concern, but both have 
decreasing population trends (IUCN, 2016).  
 Reintroduction history 
 Hayward et al. (2007a) documented the large carnivore reintroductions to some 
Eastern Cape reserves up to 2005. The population trends at provincial level and 
reintroduction outcomes reported following the initial assessment are summarised below. 
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 Brown hyaenas were reintroduced to S4 in the 1980s (Hayward et al., 2007a), but a 
population never established (pers. com., D Peinke, ECPTA, 2015). P10 was the first reserve 
to reintroduce free-ranging lion and cheetah in late 2000, brown hyaena in 2001 and African 
wild dogs in 2003 (Hayward et al., 2007a). Spotted hyaena were first reintroduced into S2 in 
2003. Natural populations of leopard were present in the province prior to the first 
reintroductions to P10 in 2001 (Skead, 2007, Minnie et al., 2015) but the species was 
apparently absent from reserve sites (Hayward et al., 2007a).  
 Reintroductions of all species to all sites were considered successful in 2005 
(Hayward et al., 2007a), based on the criterion of a three-year breeding population with 
recruitment exceeding adult death rate (Griffith et al., 1989). All the populations grew 
through breeding events within the reserves, but lions stood out as the most successful of the 
six species (Hayward et al., 2007a). Their success is likely due to their relative freedom from 
interspecific competition, and they may be more resilient to the reintroduction process as 
dominant carnivores (Hayward et al., 2007a). Thirty-five (35) lions, 11 African wild dogs, 
and 40 cheetahs were released (reintroductions and reinforcements) over the study period and 
by 2005 the populations had grown to 56, 24 and 41 individuals, respectively (Hayward et 
al., 2007a). Reintroduced lions had produced 49 cubs, African wild dogs produced 27 pups 
(but the majority died from disease) and at least 23 cheetah cubs had been recorded (Hayward 
et al., 2007a). The spotted hyaena population had also increased from eight to 13 individuals 
despite only two years passing since their reintroduction (Hayward et al., 2007a). Due to 
monitoring difficulties of leopard and brown hyaena, population sizes for these species were 
unknown. However, at least 18 brown hyaenas had been identified across the sites indicating 
growth in the population from the 15 reintroduced individuals (Hayward et al., 2007a). While 
no leopard cubs had been observed, the population was assumed stable following the 
reintroductions of nine individuals and the persistence of the species (Hayward et al., 2007a). 
 
Methods 
Data collection 
 State and private reserves in the Eastern Cape that have reintroduced top predators 
were identified following Hayward et al. (2007a), an internet search and/or enquiries to 
reserve management. Reserves were included if the carnivores were free-ranging in an area 
exceeding 2000 hectares (Clements et al., 2016). Managers of 13 operational reserves and the 
original owner of a now-closed reserve were interviewed in person. Complete interview data 
were not collected for two reserves as management could not be effectively contacted, 
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although cheetah population data for both were made available through the Endangered 
Wildlife Trust (EWT) Cheetah Metapopulation Program (pers. com., V van der Merwe, 
EWT, 2016). The reintroduction history and the outcomes and consequences of the 
reintroductions were addressed through semi-structured interviews. This format ensured that 
topics covered remained consistent, allowing for comparisons between reserves while 
permitting flexibility during the interview process. The questionnaire interview is given in 
Appendix 1. The Nelson Mandela Metropolitan University Research Ethics Committee 
(Human) approved this study under reference H15-SCI-ZOO-001. 
 Managers were asked general information about the reserve including the year of 
establishment, size, land use history and surrounding land use/s, and predator population 
management methods. Questions regarding the reintroductions of large carnivores included 
the objectives behind the reintroductions, how the managers perceived the outcomes, and the 
details of all reintroduction, reinforcement, removal and breeding events. Death records were 
provided for lion, lion cubs, and cheetah at some reserves. These were grouped into deaths 
due to lion, cheetah, malnutrition, natural causes, anthropogenic causes, accidental causes, 
unknown causes, or by other species that included snakes, baboon, and leopard. Natural 
causes included old age, illness, and pregnancy complications. Anthropogenic causes include 
euthanasia, post-surgical complications, overdosing, and shooting. Accidental deaths 
included those due to drowning, broken limbs, hunting injuries, or lightning strikes during 
storms. Managers were also asked about the outcomes of the reintroductions, including cases 
of natural recruitment, impacts on prey populations and what research has been done on the 
predators in the reserves. Data were collected up to 31 January 2016.  
 Reintroduction outcomes were assessed using a variety of criteria. These included the 
success definitions presented in Chapter 2 for reintroductions s.l. done for economic, 
ecological, species conservation and problem animal management objectives. The success 
criteria used in Hayward et al. (2007a) were also used. These comprised criteria used in 
Griffith et al. (1989) that included breeding by the first wild-born generation, a three-year 
breeding population with natural recruitment exceeding the death rate, an unsupported 
population of more than 500 individuals, a self-sustaining population, and Breitenmoser et al. 
(2001)’s suggestion of using the population’s Red List status, with a classification of 
Vulnerable (at least 1000 mature individuals) indicating success.  
 To investigate whether the reserves are meeting their conservation potential, I 
compared the current carnivore population densities to predicted carrying capacity densities 
in both Thicket and Karoo habitats. Thicket is characterised by dense, woody, semi-
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succulent, thorny vegetation (Mucina & Rutherford, 2006). Karoo vegetation is made up of a 
mix of low shrubs, grasses, succulents, geophytes and annual forbs (Mucina & Rutherford, 
2006). Predicted densities for cheetah at carrying capacity were taken from O'Brien (2012) 
for Thicket and Clements et al. (submitted for review) for Karoo habitats. Lion predicted 
densities were taken from Hayward et al. (2007c) for both habitat types.  
 Reintroductions can also provide research opportunities and collection of basic data in 
regional habitats. Data on predator biology, ecology, and behaviour in the Eastern Cape is 
fundamental information that can be used in future management decisions. As such, reserve 
managers were asked about any external research done in the reserve. Published research was 
also sourced through a search of institutional databases and through Google Scholar using the 
reserve names, species, and the Eastern Cape as search terms. 
Study sites 
 Fourteen private and state-owned reserves met the criteria of free-ranging predators in 
an area exceeding 2000 ha (Fig. 3.1, Fig. 3.2, Table 3.1). However, one reserve is represented 
by three discrete reintroduction sites, S1, S2, and S3, resulting in a total of 16 sites with 
reintroduced large carnivores. The S2 section was expanded in 2010 from 13,000 ha to 
28,000 ha when the fence between sections was dropped. The majority of reserves are former 
livestock farms and collectively cover an area of 196,500 ha (Fig. 3.2). This is inclusive only 
of the area available to the reintroduced predators, as some reserves have sections that remain 
predator-free.  
 Scotia Private Game Reserve was the only site from the original assessment by 
Hayward et al. (2007a) that was excluded, as it did not meet the size criterion of 2,000 ha and 
its predators cannot be considered free-ranging. Two new private reserves in the Eastern 
Cape, P7 and S5, opened to tourists in 2008. Large carnivores were reintroduced onto both of 
these properties prior to opening. Two already established reserves, P3 and S6, reintroduced 
large carnivores in 2006 and 2007, respectively. One of the reserves from the original study, 
P2, was sold in 2008 and currently no longer operates as an ecotourism operation according 
to the previous owner who was interviewed. These changes have resulted in a net increase of 
five sites from Hayward et al. (2007a)’s 11 reserves. The sites are still managed 
independently as distinct ecological units bordered by predator-proof electric fencing as 
required by legislation (Department Of Economic Development And Environmental Affairs, 
2008). The reserves are predominantly surrounded by livestock (n = 12 reserves) and game 
farms (n = 8 reserves), with some reserves being surrounded by both types of farms.  
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Results 
Reintroduction objectives 
 Objectives for reintroducing s.l. large carnivores to the Eastern Cape varied by both 
species and reserve, and the majority of reserves managers (9 of 15) provided multiple 
objectives for the reintroductions (Fig. 3.3). These are discussed in detail below.  
 Ecotourism 
 Ecotourism was the primary driver of large carnivore reintroductions to private 
reserves, in particular for the big cats (Fig. 3.3A). With the exception of cheetah 
reintroduction in P2, all reintroductions of big cats into private reserves were for ecotourism 
purposes (nlion = 7 reserves, nleopard = 4 reserves, ncheetah = 8 reserves). All three African wild 
dog, one spotted hyaena and two brown hyaena reintroductions to private reserves were for 
tourism (Fig. 3.3A). Of the state reserves, only S1-3 listed ecotourism as a secondary 
objective to ecological restoration for lion and leopard reintroductions (Fig. 3.3B).  
 
Fig. 3.2.: The number of reserves that have reintroduced each of the large carnivore species 
since 2000, and the total number of reserves irrespective of species (solid black line) as well as 
the increase in land area (solid bars, right axis) used for the conservation of predators.  
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 Ecological 
 Ecological objectives were generally secondary or of equal importance to ecotourism 
for most of the private reserves, according to managers. Large carnivores were reintroduced 
for managing prey populations and/or restoring the area to its historic state. These can be 
classified as reintroductions s.s. by the IUCN definition as ecological restoration is 
considered a conservation benefit (IUCN/SSC, 2013). Cheetah reintroduction stood out 
among the private reserve reintroductions for this objective as six of nine reserves 
reintroduced the species for ecological purposes (Fig. 3.3A). Reintroductions of spotted 
hyaena to both private reserves were done for the species’ ecological benefits (Fig. 3.3A). 
 
 
Fig. 3.3.: The number of private (A) and state (B) reserves that have reintroduced s.l. large 
carnivores and the objectives for these reintroductions separated by species. Often more 
than one objective was given by the reserve managers.  The bordered bars indicate the total 
number of reserves that have reintroduced each of the large carnivore species.  
A 
B 
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Ecological restoration was the main driver for reintroducing large carnivores to state reserves, 
with this being the objective for all species reintroduced to state reserves (Fig. 3.3B).   
 Conservation 
 Species conservation was the least common objectives for the large carnivore 
reintroductions in the Eastern Cape (Fig. 3.3). The two most commonly reintroduced species 
for conservation in private reserves were cheetah (n = 3 reserves) and brown hyaena (n = 3 
reserves, Fig. 3.3A). None of the state reserve managers reported that species conservation 
was an objective for their reintroductions (Fig. 3.3B).  
 
Reintroduction history and current status of large carnivore populations 
 Lion 
 Lions have been reintroduced into ten reserves (Table 3.1), seven of which were 
included in Hayward et al. (2007a); and the 2015 provincial population comprises 79 
individuals (Fig. 3.4). S5, S3 and S6 are reintroduction sites not included in Hayward et al. 
(2007a), with these reintroduction events occurring in 2007, 2010 and 2013, respectively. P2 
no longer has lion following its sale in 2008. Since 2000, 32 individuals were reintroduced 
and a further 15 reinforcement individuals were brought in to improve the genetic variability 
within reserves (Table 3.2). Lions have continued to breed successfully, a total of at least 185 
cubs have been born since 2000. S6 is the only reserve to have no reported breeding events to 
date, due to the two females only being released onto the reserve in 2015 to join the resident 
males. Overall, the deaths of 40 individuals were recorded, 12 of these were adults and 28 
were cubs (Table 3.2). The primary known causes of death among cubs were infanticide by 
other lions and malnutrition (Fig. 3.5). For adult lions, causes of death varied and included 
pregnancy complications, accidents and anthropogenic causes (Fig. 3.5). A total of 113 lions 
have been translocated from seven of the Eastern Cape reserves, including S2, P4, S5, P5, S6, 
P8 and P10, to other reserves in the province and elsewhere in South Africa (Table 3.2). Lion 
densities are estimated to be below carrying capacity in both Thicket and Karoo habitats, with 
the exception of three reserves where lions are stocked at or above the predicted carrying 
capacity (Fig. 3.6A). 
 
 
 
 
  
 
3
3 
Table 3.2: Current population size and totals of all reintroduction, reinforcement and removal events of large carnivores reintroduced to the 
Eastern Cape Province, South Africa between 2000 and 2015. Removals are further separated by the number of individuals moved in and out of 
the cluster of Eastern Cape reserves. Demographic information is given as total births, the number of litters and deaths.  
 
Species Current Pop. Size Total Brought In Reintroduced Reinforcements Removed 
Moved In 
Cluster 
Moved Out 
Cluster 
Births Litters Deaths 
Lion 79 47 30 17 118 12 21 179 67 36 
Leopard min 15 25 15 10 0 0 0 6 5 6 
Cheetah 74 82 32
1 
50 122
1 
28 83 219 65 108 
African wild dog 0 16 16 0 29 5 24 27 3 14 
Spotted Hyaena 35 19 15 4 6 4 2 U* U* min 7 
Brown Hyaena min 74 27 27 0 5 5 0 U* U* U* 
* Unknown 
1 
There are also 14 unconfirmed removals of cheetah from a reserve that are not included here. Additionally, 4 individuals escaped from reserves and naturally colonised 
others and were also not included as removals. 
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 Leopard 
 None of the leopard releases can be confirmed as reintroductions as conspecifics may 
have been present in the area prior to the releases and as such are likely to be reinforcements. 
A total of 25 leopards have been translocated into seven reserves; S1, S2, S3, S5, P5, P8, and 
P10 (Table 3.1). Leopards were also translocated into S4 in the mid-2000s but these 
individuals were not seen following their release. Individuals were observed on S4 in 2010, 
however, it is unclear as to whether these were the released individuals or individuals that 
moved in from other areas. Currently, there is a minimum of 15 identified individuals in the 
province, but total population sizes in the reserves are unknown. Six cubs have been observed 
from five litters (Table 3.2). Six deaths have been recorded (Table 3.2). No leopards have 
been translocated out of the Eastern Cape reserves. Naturally occurring leopards have been 
reported by the managers of P1, P3, P7, and P9.  
 
  
 
 
Fig. 3.4: Reported population sizes of large carnivores reintroduced to the Eastern Cape, South Africa, 
across all reserves. The vertical dashed line indicates the end of Hayward et al.’s (2007) study period. 
Brown hyaena and leopard were excluded as population data were limited. 
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 Cheetah 
 Ten reserves in the Eastern Cape reintroduced cheetah (Table 3.1). Three male 
cheetah escaped from P3 and self-recruited into S2 and to date have not been removed from 
S2. There are currently no plans to reinforce the population with females. Furthermore, the 
S2 cheetah are extralimital (Boshoff et al., 2002), and so should not be considered a 
reintroduction event. S5 had reintroduced cheetah in 2007 but the population died out due to 
natural causes; however, new individuals are scheduled to be reintroduced in 2016. Of the 82 
individuals brought into the Eastern Cape, 32 were used for reintroductions and 50 for 
reinforcements to reserves (Table 3.2). The Eastern Cape reserves provided 122 wild 
individuals for translocation; 28 of these translocations were between the study sites and 83 
individuals were moved to reserves outside of the province (Table 3.2). Cheetah have bred 
successfully, including examples of breeding by wild-born, post-reintroduction generations, 
and are reported to have produced 219 cubs (Table 3.2). Cheetah have also suffered the 
highest mortality of all the reintroduced predator species, with 108 deaths recorded (Table 
3.2). The majority of known deaths were caused by lion (Fig. 3.5). Cheetah populations can 
grow rapidly in the absence of dominant species, such as lion and spotted hyaena (Marnewick 
et al., 2009, Clements et al., submitted for review). An example of this is the population 
growth from eight reintroduced individuals in 2007 to 31 by 2011 in S6 (Fig. 3.7). The 
provincial population has 74 confirmed individuals (Table 3.2). Cheetah are stocked over 
 
Fig. 3.5.: Causes of mortality of lions, lion cubs, and cheetahs in the Eastern Cape from 2000-2015.  
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predicted carrying capacity on reserves that are predominantly Thicket habitat and below 
carrying capacity on Karoo reserves (Fig. 3.6B). 
 
 
Fig. 3.6.: Current population densities relative to predicted densities of lion
1
 (A) and cheetah
2
 
(B) at carrying capacity in thicket and Karoo reserves.  
1
 Hayward et al. (2007c) 
2 
O'Brien (2012) (Thicket), Clements et al. (submitted for review) (Karoo)
 
 
B 
A 
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 African wild dog  
 African wild dogs were reintroduced to P5, P8, and P10 (Table 3.1). These 
populations were all removed within four years of the initial reintroduction. The 
reintroductions to P5 and P10 appeared successful in 2005 as breeding events were recorded, 
but the pups suffered heavy mortality due to disease (Hayward et al., 2007a). The 
management of P5 and P10 removed the species in 2007 and some of the individuals were 
reintroduced to P8, where they remained until 2009 when they were removed and 
translocated out of the Eastern Cape.  
 Spotted hyaena 
 Spotted hyaenas were reintroduced into three reserves with varying success. The 
reintroduction was successful in S2 with a breeding population of around 30 individuals in 
three clans in 2015. P8 originally reintroduced a mixed-sex population (two males, one 
female), but subsequently removed the males and reinforced the population with females 
from S2. Currently, the population in P8 is made up of five females. This intentional sex bias 
was retained in order to limit population management costs while still providing sightings for 
ecotourism, as well as maintaining ecological roles within the reserve. P4 reintroduced four 
individuals and breeding did occur. However, none of the cubs survived due to lion 
predation. Lions also killed two of the adults in P4 and the last two escaped from the reserve 
and were euthanised. The population in P4 was not re-established.   
 Brown hyaena 
 Brown hyaenas were released into S4 in the 1980s but these reintroductions failed to 
establish a population in the reserve. Recent reintroductions of brown hyaenas were done to 
S1, P5, S6, and P10 (Table 3.1). Due to the elusive nature of the species, no birth or death 
 
Fig. 3.7.: Reported cheetah population numbers showing rapid growth on S6 following 
reintroduction. The numbers dropped due to management intervention involving the translocation 
of individuals from the reserve. 
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records are available, but data collected through camera traps indicates the population has 
grown to a minimum of 74 from 27 reintroduced individuals (Table 3.2). Five individuals 
were translocated from P5 to S1 in early 2016, but no other translocations have occurred. 
Individual brown hyaenas have naturally recruited into S2 and S3 from an unknown source. 
P4 has also reported the recruitment of brown hyaena to the reserve since 2014.  
Population management 
 Translocation (nlion = 7 reserves, ncheetah = 8 reserves) and chemical contraception (nlion 
= 6 reserves, ncheetah = 4 reserves) are the most common method of managing lion and cheetah 
populations. However, currently no cheetah in the Eastern Cape are reported to be 
contracepted (pers. com., V van der Merwe, EWT, 2016). One reserve surgically 
contracepted its lion. Leopard, brown hyaena and spotted hyaena populations have largely 
been left unmanaged (nleopard = 4 reserves, ns. hyaena = 3 reserves, nb. hyaena = 7 reserves). African 
wild dogs were the only species removed as a management action (nAWD = 3 reserves).  
 Consequences of top carnivore reintroductions 
 Natural recruitment  
 The reintroduction of large carnivores to the Eastern Cape has resulted in some 
examples of natural recruitment to areas outside of the reintroduction sites. There have been 
three cases of recruitment by cheetah. The first involved three cheetah brothers that recruited 
into S2 after being chased out of P3 by an older male. These individuals covered a distance of 
between 15 to 20 kilometers between the reserves. A second incident involved the movement 
of an individual of 40 to 50 kilometers over mountainous terrain from S6 to P7. This was 
confirmed through DNA analysis as it was originally suspected that the male came from the 
reserve adjacent to P7. The most extreme example of the potential mobility of the species is a 
cheetah that appeared at a site near S5 which is more than 600 kilometers away from the 
Western Cape reserve it had escaped from that is outside the study area (pers. com., V van 
der Merwe, EWT, 2016).  
 Brown hyaenas seem to have extended their range following the reintroductions but 
this has not been well monitored. Reports of their presence now extend to the Baviaanskloof 
area (pers. com., Q Hahndiek, DEDEA, 2015) and individuals were reported to have naturally 
recruited into S2, S3, and P4. Collared leopards have similarly been recorded outside 
protected areas across the Eastern Cape (pers. com., Q Hahndiek, DEDEA, 2015) indicating 
that reintroduced individuals are moving across reserve boundaries. Natural colonisations by 
leopard have been reported to P1, P3, and S4, and vagrant individuals have been seen on at 
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least three other reserves (P2, P7, and P9). Managers of reserves that have reintroduced 
brown hyaena and leopard have indicated that both species get through fences repeatedly.  
 Impact on prey populations 
 Prey populations were reported by managers to be self-sustaining in seven reserves, 
although a period of establishment and stabilisation following predator reintroductions during 
which supplementation was required was common. Three reserves (P4, P7, and P9) still 
require prey population supplementation. Prey species reported to be most affected by 
predation were springbok (Antidorcas marsupialis, n = 5 reserves), blesbok (Damaliscus 
pygargus phillipsi, n = 4 reserves), ostrich (Struthio camelus, n = 4 reserves) and greater 
kudu (Tragelaphus strepsiceros, n = 2 reserves) Additionally, smaller species such as 
mountain reedbuck (Redunca fulvorufula), common duiker (Sylvicapra grimmia), Cape 
grysbok (Raphicerus melanotis) and steenbok (Raphicerus campestris) were reported to have 
been extirpated from some of the reserves following the reintroductions of large carnivores. 
Buffalo (Syncerus caffer) and eland (Tragelaphus oryx) are two financially valuable species 
that have been predominantly targeted by lion.  
 Research 
 Research was undertaken at seven of the reintroduction sites and focussed mostly on 
lion (n = 5 reserves) and cheetah (n = 5 reserves). The research has focussed mainly on 
feeding ecology and habitat use of the carnivore species, as well as prey responses to the 
introduced predator presence on the reserves. There have been 40 published research outputs, 
of these 22 were published in peer-reviewed journals, 11 were Master of Science 
dissertations, five were Doctor of Philosophy theses and two were reports.  
 
Discussion 
 Reintroduction outcomes 
 Hayward et al. (2007a) suggested that by 10 years post-release, breeding by wild-born 
generations should be used to assess success. By this definition, the lion and cheetah 
reintroductions have been successful at most of the original sites (Table 3.3). Due to lack of 
sufficient data for spotted and brown hyaena, this definition cannot be directly confirmed but 
it is probable as the populations have continued to grow over time. As the number of 
identified leopards is less than the number of individuals released, it is unclear whether 
successful breeding by wild-born generations has occurred. None of the populations can be 
considered successful in terms of the other criteria used in Hayward et al. (2007a).  
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Table 3.3: Criteria and assessment of the success of large carnivore reintroductions in the Eastern Cape. S, success, F, failure, U, uncertain due 
to inadequate monitoring or insufficient time lapsed since reintroduction took place to assess success.  
 
Definition of 
Success 
Ecotourism
1 Ecological
1 Conservation 
(1st tier)1 
Conservation 
(2nd tier)1 
Breeding by 1st wild 
born generation2,3 
3yr breeding population 
with natural recruitment > 
death rate2 
Unsupported 
population of 
>5002 
Self-
sustaining 
population2 
Red List 
Status4 
S1          
Leopard U U U U U U F F F 
Brown hyaena U U U U U U F F F 
S2 
         
Lion S S U S S S F F F 
Leopard U U U F U U F F F 
Spotted 
hyaena 
S S S S   S? S F F F 
S3          
Lion S S F F F F F F F 
Leopard U U U U U U F F F 
S4          
Leopard U U U F U U F F F 
Brown hyaena U U U F U U F F F 
S5          
Lion S S F F S F F F F 
Leopard U U U F U U F F F 
Cheetah S U U S F S F F F 
S6          
Lion S S U F U U F F F 
Cheetah S S S S S S F F F 
Brown hyaena U S S F   S?  S? F F F 
P1 
      
F 
  
Lion S U U F U U F F F 
Cheetah S U F S F F F F F 
Brown hyaena U U U U U U F F F 
P2          
Lion F F F F F U F F F 
Cheetah F F F F F U F F F 
Brown hyaena F F F F U U F F F 
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Table 3.3. cont. 
Definition of 
Success 
Ecotouris
m1 
Ecological1 
Conservation 
(1st tier)1 
Conservation 
(2nd tier)1 
Breeding by 1st wild 
born generation2,3 
3yr breeding population 
with natural recruitment > 
death rate2 
Unsupported 
population of 
>5002 
Self-
sustaining 
population2 
Red List 
Status4 
P3          
Cheetah S U F S F F F F F 
P4 
         
Lion S S F S F U F F F 
Spotted hyaena U U F F F F F F F 
P5 
         
Lion S S S S S S F F F 
Leopard S U U F U U F F F 
Cheetah S S S S S S F F F 
African wild 
dog 
S F U F U S F F F 
Brown hyaena U S U S   S?   S? F F F 
P7 
         
Cheetah S S F S F F F F F 
P8 
         
Lion S S S S U F F F F 
Leopard S U U F U U F F F 
Cheetah S S F F F F F F F 
African wild 
dog 
U F F F F F F F F 
Spotted hyaena S S F F F F F F F 
P9 
         
Cheetah S S S S S S F F F 
P10 
         
Lion S S S S S S F F F 
Leopard U U U F U U F F F 
Cheetah S S S S S S F F F 
African wild 
dog 
S F S U U S F F F 
Brown hyaena U S   S? U   S?   S? F F F 
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Table 3.3. cont.  
Definition of 
Success 
Ecotourism1 Ecological1 
Conservation 
(1st tier)1 
Conservation 
(2nd tier)1 
Breeding by 1st 
wild born 
generation2,3 
3yr breeding population 
with natural recruitment > 
death rate2 
Unsupported 
population of 
>5002 
Self-
sustaining 
population2 
Red List 
Status4 
OVERALL 
         
Lion S S S S S S F F F 
Leopard U U U F U U F F F 
Cheetah S S S S S S F F F 
African wild dog F F F F F F F F F 
Spotted hyaena U S S U U S F F F 
Brown hyaena U S   S? U   S? S F F F 
 
1 Chapter 2: ecotourism, increase in tourism at the reserve; ecological, restoration of ecological processes in the reserve; conservation (1st tier), establishment of breeding population; 
conservation (2nd tier); provision of individuals for subsequent translocations or being part of a metapopulation 
2 Griffith et al. (1989) 
3 Hayward et al. (2007a) 
4 Breitenmoser et al. (2001) 
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Both the population size requirements of > 500 individuals (Griffith et al., 1989) and > 1000 
mature individuals required to locally categorize a species as vulnerable according to the 
IUCN Red List Criteria (Breitenmoser et al., 2001) remain unrealistic at individual sites 
(Table 3.3).   
 In Chapter 2, I presented context-dependent definitions of reintroduction s.l. success 
relating to specific objectives. Below I apply the proposed success criteria for each objective 
that drove the reintroductions of large carnivores to the Eastern Cape in order to determine 
their outcomes.    
 Ecotourism 
 As ecotourism was a primary driver for the majority of large carnivore reintroductions 
to the Eastern Cape (Fig. 3.3), it is important to assess the reintroduction outcomes in terms 
of this objective. Success criteria to meet the economic objective are an increase in tourism to 
the reserve and/or regular sightings of the species (Chapter 2). Overall the reintroductions for 
ecotourism appear successful, but there is variation between individual reserves (Table 3.3). 
Six reserves (50%) indicated that tourism increased following the reintroduction of large 
carnivores, while four reserves (33%) opened with the predators already on the reserve. The 
general opinion of managers was that large carnivores ensure competitiveness in the tourism 
market. For example, the manager at S5 stated the reserve would likely have closed if lions 
had not been reintroduced. Only S1-3’s manager gave a neutral response for predator 
reintroduction improving tourism due to the park’s elephants (Loxodonta africana) being the 
primary draw card. However, the manager stated that lions were reintroduced in part to 
remain competitive with the numerous private reserves offering a ‘Big Five’ experience, 
despite state reserves not being under the same competitive market pressures as private 
reserves. Cheetah reintroductions have also been successful for ecotourism (Table 3.3) and 
guided cheetah tracking opportunities available to tourists are a major attraction according to 
managers of the reserves that offer them. The success of leopard reintroductions for tourism 
likely lies more with their conferring the ‘Big Five’ status to the reserve rather than actual 
sightings due to their elusive nature. However, according to managers leopards are an 
attractive species for tourists when they are sighted. The importance of big cats for tourism 
has been shown in other studies (Lindsey et al., 2007, Maciejewski & Kerley, 2014). Wild 
dog reintroductions were successful for tourists when they were present on the reserves, 
although managers believe the species is more appealing to local rather than international 
tourists. Managers also stated that hyaenas are less preferred by tourists and their 
reintroductions were driven by ecological or conservation purposes.   
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 Ecological 
 Ecological reintroduction success is defined as the reestablishment of ecological 
processes in the area (Chapter 2) and this is the most difficult success criteria to determine. 
This is in part due to the ubiquitous problem that no baseline data are available as these 
species were extirpated (Skead, 2007) long before any such studies were common practice. 
Additionally, there have been few comparative studies of the sites prior to and post the large 
carnivore reintroductions. However, managers have stated that ecological processes have 
been reinstated following the reintroduction of large carnivores (Table 3.3) and there are 
studies that show that prey species are responding to predator presence at some of the 
reintroduction sites (e.g. Tambling et al., 2012, Tambling et al., 2015, Makin & Kerley, 
2016). Combining this with the fact that the predators are free ranging and self-sustaining on 
prey populations that do not require supplementation on the majority of reserves, it can be 
inferred that the carnivores’ ecological roles have been successfully re-established in most of 
the Eastern Cape reserves. The only reintroductions that failed to meet the success criteria for 
this objective were those of African wild dogs, as the impacts of the species on prey 
populations was deemed unsustainable by the managers leading to the species’ removal from 
all reserves that reintroduced them.  
 Species conservation 
 Reintroduction to meet species conservation objectives was the least common stated 
objective (Fig. 3.3), which seems counterintuitive, especially for reintroduction to state 
reserves, due to the conservation status of the large carnivore species. This may be due to the 
lack of clarity as to what is meant by species conservation and the incorporation of ecological 
restoration into conservation (IUCN/SSC, 2013). Despite conservation not being a common 
objective, the majority of the reintroductions to the Eastern Cape do meet the requirements to 
be considered successful for conservation (Table 3.3).  
 Reintroduction success for species conservation is determined first by the 
establishment of a breeding population, and second, by the population contributing to the 
species global conservation and genetic diversity through providing individuals for 
subsequent translocations and/or being part of a metapopulation (Chapter 2). Lion and 
cheetah reintroductions appear successful overall for this objective (Table 3.3), primarily 
through the provision of individuals for subsequent reintroductions elsewhere. The successful 
outcome may, therefore, be an incidental consequence of the need to manage reserve 
populations rather than a commitment to conservation. It is, therefore, worth comparing 
current lion and cheetah densities to the potential densities calculated from predicted carrying 
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capacities of the reserves to determine if the reserves are meeting their ‘conservation 
potential’ in terms of predator population size.  
 Lions are generally kept below carrying capacity (Fig. 3.6A) and as such the reserves 
are not maximizing their conservation potential. Even if conservation was not a 
reintroduction objective, the lower densities imply that there is a balance between satisfying 
tourism requirements and reducing management costs of predators, including impacts on prey 
populations. This is contrary to earlier concerns that lions may be overstocked to satisfy 
tourism requirements (Langholz & Kerley, 2006) but in line with Clements et al. (2016). 
Despite low densities, the majority of lion reintroductions have been successful in meeting 
conservation success requirements through the provision of individuals for subsequent 
translocations. Lions have, to date, not been translocated out of two reserves; P1 is 
contracepting its lionesses following their first litter and S6 only had males until 2015.  
 Cheetah occur at higher densities relative to what is expected in Thicket habitats 
(Clements et al., 2016, Fig. 3.6B), and are exceeding the conservation potential of the 
reserves. This is possibly due to Thicket not being a preferred habitat type (Mills et al., 
2004). However, research has shown that cheetah can be successful outside of savannah 
habitats (Mills et al., 2004, Bissett & Bernard, 2007) and the thriving populations in the 
Eastern Cape Thicket reserves seem to corroborate this. Even though cheetah in Karoo 
habitats are below predicted densities (Fig. 3.6B), the reserves have been relatively more 
successful in the number of individuals provided for subsequent translocations than the 
populations in Thicket habitats. This is potentially due to the lack of lion and spotted hyaena 
on Karoo reserves allowing the cheetah populations to grow in the absence of threats from 
the more dominant species (Marnewick et al., 2009). Only P8 cannot be considered a 
conservation success as only a male coalition is present on the reserve. 
 The reintroduction of spotted hyaena to S1 appears to be successful in meeting 
species conservation objectives; the breeding population has grown and five individuals were 
translocated to another reserve (Table 3.3). P8 is the only other reserve with spotted hyaena, 
but the reintroduction cannot be considered a species conservation success as only a female 
coalition is present (Table 3.3).  
 Brown hyaena reintroductions appear successful as the population is breeding and 
growing based on camera trap data. There have also been several cases of natural recruitment 
which indicates the species is spreading across the province and may have established outside 
of protected areas. Only one group was translocated between P5 and S1 to date and the lack 
of monitoring of the populations prevents accurate assessment of success (Table 3.3).  
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 Similarly, leopard have been poorly monitored following reintroduction and while 
some breeding events have been reported by managers, the estimated current population size 
is lower than the number of individuals reintroduced. This seems to indicate the 
reintroductions were failures with regard to species conservation but the lack of data prevents 
accurate assessment (Table 3.3).  
 Problem animal management 
 None of the recent reintroductions to the Eastern Cape were done for problem animal 
management. The brown hyaena reintroductions to S4 in the 1980s were reported to be 
problem animals and the reserve was a convenient place to release them (pers. com., D 
Peinke, ECPTA, 2015). Similarly, many of the leopards released in the Eastern Cape were 
problem animals caught on farmland both in the Eastern Cape and elsewhere in South Africa 
according to managers. However, data are unavailable to determine whether these problem 
animals were involved in the human-carnivore conflict incidents described in Chapter 4. 
Many of the cheetahs used in the original reintroductions were problem animals caught on 
farmlands in the northern regions of South Africa and Namibia through the National Cheetah 
Conservation Forum’s program (pers. com., V van der Merwe, EWT, 2016).  
 African wild dog reintroduction failure 
 The only reintroductions that failed to establish the species in the Eastern Cape were 
the three attempts to reintroduce African wild dogs. The reintroductions into P10 and P5 
showed signs of initial success, with breeding having occurred in both reserves (Hayward et 
al., 2007a), but all African wild dogs were removed by 2009. The primary reason given by 
the reserve managers for their removal was that their impact on prey populations were 
unsustainable (Bissett, 2008, O'Brien, 2012), especially in combination with the other 
carnivore species, and the reserves were not big enough to sustain the packs of African wild 
dogs.  However, African wild dogs have been successfully reintroduced into small reserves 
elsewhere in the country (Davies-Mostert et al., 2015). Additionally, being a species less 
favoured by tourists, removal was preferred to decreasing population sizes of more desirable 
species such as lion and cheetah. Finally, this species is also susceptible to diseases such as 
distemper that resulted in the deaths of 14 individuals in one reserve. The combination of 
these factors makes African wild dogs a costly species to keep on small reserves and likely 
resulted in the reintroduction failure. However, several reserve managers indicated that 
should the reserve increase in size or if multiple reserves were linked, then future 
reintroduction of African wild dogs may be considered. African wild dogs are currently being 
considered for reintroduction to the S4 (Page, 2014).  
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 Prey population impacts 
 In small reserves carnivores can inflict heavy stresses on prey populations (Hayward 
et al., 2007b, Ferreira & Hofmeyr, 2014). For example, 13% of reserves with reintroduced 
lion reported prey population extinctions (Slotow & Hunter, 2009). Predator impacts on 
smaller ungulates may also be facilitated by elephant presence (Tambling et al., 2013b), 
which may be the case at most study sites. However, site specific research would be required 
to determine the extent of elephant impact on prey population declines. In the Eastern Cape, 
three reserves still require prey supplementation to counter predation offtake and seven 
reserves reported extinctions of other species due to reintroduced predators. Furthermore, a 
potential concern of reintroducing carnivores is that they may target valuable or threatened 
species; the former being a financial concern while the latter is of conservation interest as it 
could force managers to choose which species to protect to the potential detriment of the 
other. Buffalo and eland were the two financially valuable species that were targeted by lion 
predominantly but not at levels that were of management concern. The Cape mountain zebra 
(Equus zebra zebra) is the only threatened prey species in the Eastern Cape (IUCN, 2016), 
but managers reported that populations have not been strongly affected by predation. 
However, Hrabar and Kerley (2015) report that Cape Mountain Zebra populations may be 
limited by cheetah predation on one of the reserves. 
 Reliability of data 
 Reintroduction success can only be assessed on the basis of reliable, verifiable data. 
While the reintroductions to the Eastern Cape have generally been adequately monitored by 
individual reserves, the present study shows poor recordkeeping by some of the reserves 
leading to often inconclusive assessments. Monitoring could be improved through the 
implementation of a standardised system of documenting the reintroduced population’s 
history as part of a voluntary provincial or national strategy. This would assist with 
improving management for the species’ conservation by providing data that could be 
incorporated into an adaptive monitoring strategy (Lindenmayer & Likens, 2009, 
Lindenmayer et al., 2012).  
 Problems encountered with the data provided included inconsistencies in the details of 
reintroduction and population histories. For example, data from one reserve was provided in 
three spreadsheets recording the demographic information of the reserve’s population, 
however, when comparing the details, such as numbers of births in a given year, the data 
were not always the same across all the spreadsheets. Additionally, for the period covered by 
the initial assessment (2000-2005), data collected for this study did not always match the data 
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presented in Hayward et al. (2007a). There are several possible reasons for this. First, it could 
be due to the interview process, as some of the data were recalled from memory during the 
interview rather than through provision of reserve records or required data were tied up in 
monthly reports and, hence, not readily accessible. Details of reintroduction history and other 
institutional knowledge may have been lost due to management or staff changes or alterations 
in administration methods. Additionally, conservation managers may be more involved in 
implementing management strategies than recording them and be more concerned with the 
current conditions rather than the history of individual species and their population trends 
within the reserve. Another issue is that some of the reintroduced species are not monitored 
on the reserves, which leads to a major data shortfall. This is true especially for leopard and 
brown hyena that are naturally more elusive, but has also occurred with the other 
reintroduced species as well on some reserves. For example, one reserve has reported several 
‘unknown’ cheetahs occurring on the property with no information where the individuals 
came from or what steps were taken in managing them.  
 There are also limited ways of validating the data provided due to the independent 
management of reserves. The only available external source of information was the EWT’s 
cheetah movement data following the implementation of the metapopulation program in 
2011. The only other option for cross-checking was for translocations between Eastern Cape 
reserves when details of these movements were provided by managers, but these were not 
always reflected in both reserves’ records leading to uncertainty as to what happened to the 
individual/s.  
Changing objectives and their consequences 
 Cheetahs were originally reintroduced to P2 in 2001 to regulate the prey population 
and lions were reintroduced in 2004 to increase tourism. Both the cheetahs and lions bred and 
these reintroductions showed signs of initial success (Hayward et al., 2007a). However, 
following the change of reserve ownership in 2008, the ecotourism operation closed. The 
current owners of the property could not be reached; as such, there is no confirmation of the 
current state of the reserve and the resulting consequences for the reintroduced carnivores 
except hearsay. The male lion was allegedly shot as a trophy and it is unclear what happened 
to the females on the reserve. Some of the cheetah were reportedly removed from the 
property in 2009/2010 (pers. com., V van der Merwe, EWT, 2016). A destruction permit was 
issued for a cheetah observed in the area in 2014/2015 indicating at least some individuals 
persisted, but there is no record of what happened to this individual (pers. com., V van der 
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Merwe, EWT, 2016). As a result of the change in objectives reflected in the closure of the 
ecotourism operation, the reintroductions to this reserve now constitute failures. 
 In contrast, changes in reserve management objectives can be beneficial to 
reintroduced species. Prior to the ownership change of P3, only a single male cheetah was 
present on the property. The new owner initiated a breeding program, bringing in a female in 
2011. Two litters have been recorded on the reserve in 2013 and 2014. The female cub from 
the first litter was translocated from P3 in 2014, and her three brothers escaped and colonised 
another reserve (S2), where they have remained up to the end of the study period (2015). 
From the second litter, one cub has been translocated and the other is also scheduled to be 
translocated. As a result of these translocations, P3 now meets the criteria for a conservation 
success. The consequences of these changing objectives exemplify the importance of 
incorporating reserve objectives in the assessment of reintroduction outcomes. They also 
show the value of long-term monitoring with regards to success being a state reached at a 
point in time, rather than a fixed end point. But the question that arises from these changing 
objectives is how much of a conservation impact do private reserves have on a national or 
global scale for species that are of conservation concern, such as large carnivores? 
Conservation value of small reserves 
 The long-term conservation potential of private reserves is tenuous for several 
reasons. First, as the examples above illustrate, the objectives of owners and managers can 
quickly and substantially change the conservation focus of the site. Second, private reserves 
are largely dependent on the ecotourism industry (Langholz, 1996, Clements et al., 2016); as 
a result, if tourism drops the reserves will likely close as the business would no longer be 
profitable. The development of the private reserves is itself an example of how private land is 
at risk of changes in land use practices, as their establishment was due to wildlife becoming 
more profitable than livestock (Sims-Castley et al., 2004, Cousins et al., 2008). These two 
issues can be improved with conservation covenant schemes to ensure that the land continues 
to be used for conservation purposes if reserves are sold. Third, the willingness of managers 
to partake in broader conservation endeavours also factors into improving the conservation 
value of the site. For example, reserves can reintroduce same sex groups to minimize costs 
but that have no value to the regional or national conservation of the species. Additionally, to 
achieve broader conservation goals, through, for example, metapopulation management, 
owners, and managers would have to work together and/or with an external organisation/s to 
manage the species effectively. Involving researchers could also be beneficial in assisting 
with science-based management decisions (Sutherland, 2003). However, this 
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multidisciplinary approach could potentially lead to conflict if the objectives of the parties 
involved differ.  
 Despite these issues, the impact of private reserves is potentially greater than that of 
state reserves in the Eastern Cape. Privately-owned reserves cover more area (114,800 ha) 
than state-owned reserves (98,200 ha) in the Eastern Cape, increasing its potential value for 
conservation (cf. Cousins et al., 2010). Private reserves also hold greater numbers of large 
carnivores (n = 152, excluding leopard) than state reserves (n = 86, excluding leopard) in the 
Eastern Cape, and the majority of the populations in private reserves are breeding and have 
provided individuals for translocations to other reserves. The major obstacle is that the 
private reserve populations are currently managed mostly as independent ecological units and 
decisions are generally made at the reserve level, with little consideration for broader 
conservation goals (cf. Slotow & Hunter, 2009). As such these populations are possibly not 
being managed in a way that contributes to the species’ national or global conservation, 
especially in terms of genetic considerations as these populations are not viable and at risk of 
inbreeding if they remain isolated (Slotow & Hunter, 2009). 
 Managed metapopulation strategy 
 A growing population and economy, combined with legislation that requires 
properties containing dangerous game to be fenced (Department of Economic Development 
And Environmental Affairs, 2008), limits opportunities for protected, free-roaming, and 
viable populations of large carnivores in South Africa. As a result, small and isolated 
populations are typical of predator conservation in South Africa (Hayward et al., 2007b, 
Lindsey et al., 2009), leading to the conservation risks of inbreeding, demographic 
stochasticity, and genetic drift characteristic of small populations (Caughley, 1994, Davies-
Mostert et al., 2015). However, there are options to manage populations in small reserves to 
maximise their conservation value. One such method that has shown success is the 
implementation of a managed metapopulation.  
  The reasoning behind the managed metapopulation strategy is that populations in 
small- to medium-sized fenced protected areas are not viable, but small populations on 
multiple reserves can be if they are managed as a single population (Caughley, 1994, Kerley 
et al., 2003b, Davies-Mostert et al., 2015). The focus of this strategy would be to manage 
reserve populations in a way that mimics natural processes and social dynamics that occur in 
more open systems (Miller et al., 2013). These include sex-specific dispersal, dominance 
hierarchies, and socially-induced mortality and reduction in birth rates and/or offspring 
survival rates (Ferreira & Hofmeyr, 2014).  
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 The EWT’s cheetah metapopulation program is an example of how effective a 
managed metapopulation strategy can be in meeting broad-scale conservation objectives. Of 
the total wild cheetah population in South Africa, 27% (320 individuals) are part of the 
metapopulation program (pers. com., V van der Merwe, EWT, 2016). Currently, the majority 
of the Eastern Cape reserves that have reintroduced cheetah are already part of the Eastern 
Cape cluster of the metapopulation. The Eastern Cape cluster is made up almost entirely of 
privately owned reserves, and is the second largest in the country, with 75 cheetahs, and it 
has been the most prominent source of individuals for translocations to other parts of South 
Africa (pers. com., V van der Merwe, EWT, 2016). The growing cheetah population in South 
Africa is an indicator of the program’s success (pers. com., V van der Merwe, EWT, 2016). 
 The only other species that has a nationally managed metapopulation is the African 
wild dog, which has also been successful overall (Gusset et al., 2008, Davies-Mostert et al., 
2015). Additionally, the implementation of a similar management strategy is also in progress 
for lion, but this is still in its early stages (Miller et al., 2013, Funston & Lavendal, 2014). A 
management strategy that covers multiple reserves and the movements of individuals 
between them also provides the opportunity for the establishment of a stud book to improve 
broad level conservation genetics and optimise translocation decisions (Hayward et al., 
2007b, Slotow & Hunter, 2009). In addition, the presence of a broader framework may 
encourage managers to increase the productivity of a species in a reserve if an outlet for 
excess individuals is available (Slotow & Hunter, 2009).   
 
Conclusions 
 Overall the reintroductions of large carnivores to the Eastern Cape have been 
successful in meeting their varied objectives. This reaffirms that large carnivore species, with 
the possible exception of African wild dog, can be reintroduced into small, fenced reserves 
and that these reserve populations can have a substantial influence on the species’ 
conservation at provincial and national scales. Ongoing monitoring of reintroduced 
populations is necessary for confirming that they remain stable and continue to meet their 
objectives. Implementing national management plans and securing tenure of the land for 
conservation to ensure the persistence of these predators in the case of management 
objectives changing would be beneficial to the preservation and conservation of these 
species.  
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Chapter 4: Emerging human-wildlife conflict following the reintroduction of large 
carnivores to the Eastern Cape Province, South Africa 
 
Introduction 
 Humans have coexisted, and been in conflict, with carnivores throughout history 
(Kruuk, 2002). Human-carnivore conflict results from both real and perceived threats to 
humans and domestic livestock, and also from direct competition for food and resources 
(Slotow & Hunter, 2009, Winterbach et al., 2013, Marshall et al., 2016). Consequences of 
conflict can be direct, such as financial losses due to livestock loss, injury, or death, or 
indirect, such as missed opportunity costs and health impacts (Nyhus et al., 2005, Barua et 
al., 2013). Conflict, and the negative attitude it incites, continues to be a major driver of 
global carnivore declines (Ripple et al., 2014) and as such, is an important challenge in 
predator conservation (Treves & Karanth, 2003, Gusset et al., 2008, Winterbach et al., 2013).  
 Despite predator population declines globally (Ripple et al., 2014); human-carnivore 
conflicts have been increasing. The rise in conflict is due to the expanding human population 
and the associated spread of various human activities that bring humans and carnivores into 
contact (Woodroffe, 2000). Exceptions to this pattern occur in areas where conflict-inducing 
carnivores are no longer present. However, in some such regions carnivore populations are 
recovering due to conservation efforts (Treves & Karanth, 2003, Chapron et al., 2014). 
Communities in such areas now have to learn how to coexist with predators again and adapt 
to a positive shifting baseline (Pauly, 1995) or ‘lifting baseline’ (Roman et al., 2015) of 
recovering carnivore populations in the area. Reintroductions, by moving animals into areas 
from which they have been previously extirpated (IUCN/SSC, 2013), provide opportunities 
for determining what effects these lifting baselines have and the need for determining the 
effect potential human-carnivore conflict has on surrounding communities.  
 Large carnivores have been reintroduced s.l. to reserves across South Africa to meet a 
variety of objectives (Hayward et al., 2007a, Hunter et al., 2007, Slotow & Hunter, 2009, 
Davies-Mostert et al., 2015, Chapter 3). These reintroductions have resulted in the re-
establishment of populations of lion (Panthera leo), leopard (Panthera pardus), cheetah 
(Acinonyx jubatus), African wild dog (Lycaon pictus), spotted hyaena (Crocuta crocuta) and 
brown hyaena (Parahyaena brunnea) in regions from which they had been extirpated. 
Escapes have been reported by over half of reserves with reintroduced lions (57%, Slotow & 
Hunter, 2009) and African wild dogs (56%, Gusset et al., 2008) across South Africa. The 
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apparent prevalence of escapes indicates that the potential for conflict is high in the areas 
surrounding reserves with reintroduced large carnivores. Human-carnivore conflict following 
reintroductions is an example of a direct cost of such undertakings that is not always 
recognised, understood or well-studied despite its predicted prevalence. Additionally, 
information relating to the escapes of large carnivores is often limited to grey literature or 
media reports.    
 All six of the large carnivore species historically occurred throughout the Eastern 
Cape Province, South Africa, but were extirpated between 1850 and 1920 depending on the 
species and region (Skead, 2007). Occasional vagrant individuals of African wild dogs and 
both brown and spotted hyaena have been reported, and leopard populations have persisted in 
more remote regions (Skead, 2007, Minnie et al., 2015). As a result, the province has been 
largely free of large predators for a minimum of 80 years and any recent reports are likely to 
be individuals that escaped from protected areas. Since 2000, large carnivores have been 
reintroduced into both private- and state-owned reserves in the province (Hayward et al., 
2007a) and currently, fifteen sites have reintroduced free-ranging predator populations 
(Chapter 3). These large carnivore reintroductions may have resulted in the unintended 
consequence of re-instating human-wildlife conflict, despite the reserves being enclosed by 
predator-proof electric fencing as required by South African legislation (Department of 
Economic Development and Environmental Affairs, 2008). Here I determine the presence 
and extent of human-carnivore conflict following the reintroduction of large carnivores to the 
Eastern Cape Province, South Africa.   
 
Methods 
 State and private reserves in the Eastern Cape with reintroduced top predators were 
identified following Hayward et al. (2007a), an internet search and/or enquiries to reserve 
management. Three reserves from Chapter 3 were excluded; P3 and P6 were excluded as full 
interviews were not conducted at these sites, and S4 was excluded because it was unclear 
whether the leopard releases therein were reintroductions. The interviews conducted with 
reserve managers, as outlined in Chapter 3, included questions relating to any escapes of the 
reintroduced species and human-carnivore conflict events that occurred following the 
predator reintroductions (Appendix 1). The reserve managers were also asked for contact 
details of owners or managers of properties directly bordering the reserves which are 
considered neighbouring properties with the highest risk of human-carnivore conflict. Some 
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of the neighbouring properties were also reserves with reintroduced predators. The managers 
of these four reserves were interviewed as neighbouring properties for this chapter. 
 The owners or managers of 77 identified neighbouring properties were contacted by 
either email or phone and 68 (88.3%) of those contacted agreed to participate in this study 
(Fig. 4.1). The possible occurrence of human-carnivore conflict on the neighbouring 
properties was addressed through a semi-structured interview (Appendix 2) with the owners 
or managers of the properties. This format ensured that topics covered remained consistent to 
allow for comparison between properties while permitting flexibility during the interview 
process. The Nelson Mandela Metropolitan University Research Ethics Committee (Human) 
approved this study under reference H15-SCI-ZOO-001.  
 The owners or managers of the neighbouring properties were asked what stock they 
have on the property, if they have observed and/or had any problems with any of the 
reintroduced large carnivore species, and the details of these events. In addition, they were 
asked about general attitudes regarding the presence of large carnivores in the area and what 
effect, if any, this presence has had on the management of their property. Data were collected 
until 31 July 2016. Statistical analyses were calculated in the statistical package R (R 
Development Core Team, 2008) at a significance level of 0.05. Financial data are given at the 
exchange rate of 1 USD = 14.28 ZAR (28 August 2016).    
 
 
Fig. 4.1.: Map of the study area in the Eastern Cape Province, South Africa, showing reserves with 
reintroduced large carnivores (black) and the human-carnivore conflict interview sources (stars). 
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Results 
 Reports of human-carnivore conflict  
 Reserve managers reported that reintroduced large carnivores have escaped from 8 of 
the 13 reserves surveyed (61.5%, Table 4.1) and that these escapes resulted in fourteen 
conflict incidents. Reserve managers reported lion escaped from 50%, leopard from 42.8%, 
cheetah from 33.3%, spotted hyaena from 33.3% and brown hyaena from 83.3% of reserves 
that have reintroduced these species (Table 4.1). The mean number of neighbours interviewed 
per reserve was 6.5±3.8 (min = 1, max = 15, Fig. 4.1). Twenty-five neighbours (36.7%) 
reported escaped large carnivores were observed or caused conflict on their property (Table 
4.2). A total of 75 events or groups of events (e.g. multiple stock loss events over a given 
time period) have been reported involving large carnivores by neighbouring farm or reserve 
managers. Only eight incidents were confirmed by both farm and reserve managers.  
 
Table 4.1.: Reintroduction sites in the Eastern Cape that reported escapes by large carnivores reserve 
managers of individual species. 
 
Species 
Number of 
reintroduction sites  
Number 
reintroduction sites 
reporting escapes by 
predators 
Percentage 
reintroduction sites 
reporting escapes by 
predators 
Lion 10 5 50.0% 
Leopard 7 3 42.8% 
Cheetah 9 3 33.3% 
African wild dog 3 0 0% 
Brown hyaena 6 5 83.3% 
Spotted hyaena 3 1 33.3% 
Overall 13 8 61.5% 
 
  A total of 75 events of involving escaped large carnivores have occurred. Carnivore 
species were not involved in conflict relative to their abundance in the Eastern Cape Province 
(χ2 = 22.1, df = 4, p = 0.0001). However, this is strongly skewed by the prevalence of leopard 
conflict reports. When leopard are excluded from the analysis, conflict reports occur at 
expected frequencies relative to species abundance (χ2 = 4.45, df = 3, p = 0.2167). There have 
been 31 reports by neighbours of large carnivores being observed outside of the reserves 
without any loss of livestock (Fig. 4.2). This includes observations of predators moving 
through the property, spoor (tracks) found on the property, and those individuals that were 
returned to reserves before any damage was caused. Additionally, some of the properties had 
multiple observations of escaped large carnivores. Leopard (n = 10 reports), cheetah (n = 10 
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reports), and brown hyaena (n = 9 reports) were the most commonly observed reintroduced 
species outside of reserves. The only reported incident involving African wild dogs was a 
pack that escaped but that was returned without any livestock loss, though indigenous game 
may have been caught. This incident was only reported by the neighbour and not the reserve 
manager of the property they reportedly escaped from.  
 Thirty-eight (38) reports of suspected and confirmed livestock loss attributed to 
escaped reintroduced predators were reported by neighbours. All reintroduced large carnivore 
species, with the exception of African wild dog, were reported by neighbours to have been 
involved in livestock depredation. Leopards (n = 17 reports) were the most common problem 
animals, but brown hyaena (n = 7 reports), cheetah (n = 6 reports), lion (n = 6 reports) and 
spotted hyaena (n = 3 reports) were also involved in depredation (Fig. 4.2). As above, some 
of the neighbours reported multiple conflict events on their property.   
 Sheep (n = 14 reports) and cattle (n = 11 reports) were the type of livestock most 
commonly killed (Fig. 4.3).  Sheep were targeted by all escaped reintroduced large carnivore 
species, with the exception of African wild dog (Fig. 4.3). Cattle were predominantly killed 
by leopards, but both hyaena species were also implicated in cattle depredation. Game (n = 5 
reports), goats (n = 4 reports) and ostriches (n = 3 reports) were also victims of escaped 
predators (Fig. 4.3). A single incident involving a horse was reported. However, the farm 
owner stated the cause of death was unclear, but suspected that spotted hyaena were involved 
(Fig. 4.3).  
 
Table 4.2.: Properties bordering reserves with reintroduced large carnivores surveyed whose 
managers or owners reported escapes of each large carnivore species onto their properties. 
 
Species 
Number of 
properties 
surveyed 
Number of 
properties 
reporting escapes 
of predators 
Percentage of 
properties 
reporting escapes 
of predators 
Number of 
reserves 
reported as 
sources of 
escaped 
predators 
Lion 53 5 9.4% 4 
Leopard 40 9 22.5% 3 
Cheetah 43 6 13.9% 3 
African wild dog 9 1 11.1% 1 
Brown hyaena 21 8 38.1% 1 
Spotted hyaena 11 3 27.3% 2 
Overall 68 25 36.7% 8 
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Reserves as neighbours 
 There are three pairs of reserves with reintroduced large carnivores that border each 
other. Five of these were interviewed for Chapter 3 while the sixth was omitted due to being 
less than 2000 ha. Only one conflict incident involving conspecifics was reported, where 
lions escaped into a property that also had lion. However, the details of what occurred during 
this incident are unclear, as both involved parties were not willing to provide details. The 
media report states the escaped lion was a male looking for a mate (SANParks, 2015), but 
any further information regarding interactions between the escaped individual and the 
resident lions is unknown.  
 Another pair of reserves have both only reintroduced cheetah to the reserves. The 
manager of P7 reported five incidents of cheetah moving from P9 onto P7 but these were all 
removed back to their original reserve or moved back on their own. P9 did not report any 
incidents with P7 cheetah moving onto the property.  
 The final pair of reserves had no confirmed reports of predators moving between 
them, but the manager of S4 reported that there may have been leopard that have moved 
across and recruited into the reserve. 
 Mortalities 
 Four mortalities of escaped reintroduced predators were reported. One lion was 
euthanised following repeated escapes that resulted in depredation of livestock. Two spotted 
hyaenas were euthanised following their escape, though the reason was not given by the 
reserve manager. A neighbouring farmer was reported to have killed a cheetah, claiming it 
was mistaken for a caracal (Caracal caracal). A destruction permit was issued for a second 
cheetah in 2014/2015 but there is no record of what eventually happened to the individual 
(pers. com., V van der Merwe, EWT, 2016).  
 Attitudes towards carnivores and conflict 
 Five (42%) of the reserve managers said that they have had conflict with the 
neighbours following their reintroduction of large carnivores, four (33%) said there has been 
no conflict and two (16%) had a neutral response. The majority of neighbours (n = 40, 
58.8%) stated that concerns for the safety of their livestock had not changed following large 
carnivore reintroductions. Twenty respondents (29.4%) reported that livestock safety 
concerns had increased and six (8.8%) had a neutral response. Respondents’ personal 
experience with reintroduced large carnivores (i.e. whether or not they have had experience 
with depredation by escaped predators) affected their perceptions of the safety of their 
livestock (χ2 = 20.96, df = 2, p < 0.005). All respondents who had experienced confirmed 
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depredation due to escaped predators agreed that safety concerns increased. Of respondents 
who had not had previous experience with escaped carnivores, only 19.0% felt the same way.  
 The majority of respondents (n = 49, 72.1%) felt that safety concerns for humans have 
not increased. Seven (10.3%) replied with a neutral response stating that they were aware of 
the reintroduced carnivores but were not affected by their presence. Twelve neighbours  
(17.7%) responded that safety concerns for humans had increased following the large 
carnivore reintroductions. There have been no reports of any of the escaped large carnivores 
attacking humans. 
 Effects of predators on public roads 
 Four reserves have a public road running through the area where large carnivores are 
present. These reserves allow cars and motorcycle traffic through but cyclist and pedestrian 
access is prohibited. The restricted access to the public road has been reported to have 
impacted workers on the surrounding farms, as they can no longer walk to work or the shops. 
One of the reserves provides transport through the reserve for pedestrians.  
 Financial costs of conflict 
 Conflict with reintroduced predators resulted in both direct and indirect costs to 
neighbouring farmers. While financial data were not collected during the interview process, 
some farmers reported on associated costs when recollecting events. One farmer reported 
 
Fig. 4.2.: Incidents of human-wildlife conflict involving reintroduced large carnivores in 
the Eastern Cape including individuals observed by neighbours and both suspected and 
confirmed stock loss.  
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three incidents of leopard depredation of ostrich, each incident incurring losses estimated by 
the farm owner to be between US$10,500-US$13,900. Another reported the loss of between 
50 to 60 goats, totalling an estimated financial loss of US$5,700. A third example is the loss 
of 31 pregnant merino ewes (total value of approximately US$3,200) to cheetah. These 
results show that while conflict does not occur evenly across neighbouring properties, it can 
have significant economic impacts where it occurs. 
 Mesopredators 
 Mesopredators, in particular, caracal and black-backed jackal (Canis mesomelas), 
remained a major concern for the interviewed farmers. Eleven of the interviewed farmers 
claimed that mesopredator populations have increased since the establishment of private 
reserves and associated large carnivore reintroductions, resulting in more stock losses. 
 Effects on farm management 
 Overall large carnivores have not increased management costs on neighbouring 
properties. Only two respondents claimed to have increased fencing costs, but in most cases, 
the cost of fencing is the reintroducing reserve’s responsibility. Two respondents claimed to 
have increased indirect costs as they have to allocate time and labour to looking for predators 
and changing husbandry practices. Additionally, workers may also refuse to work when 
predators are known to be in an area, which can also result in indirect costs to farmers. One 
 
Fig. 4.3.: Number of reports of suspected and confirmed mortalities of stock and the large 
carnivore species considered responsible for the conflict. 
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farmer has brought dogs onto the property to protect livestock with reported success in 
lowering depredation of stock and two have implemented other methods such as camera traps 
to determine what species was causing livestock losses. Many of the farmers claimed that the 
increases in management costs, such as fencing or husbandry practices, were in response to 
mesopredator depredation, not large carnivores.  
 
Discussion 
 Perceptions of the natural state of an area vary from generation to generation. This 
redefinition of what is considered normal for the area was termed a shifting baseline by Pauly 
(1995). In many cases, this shift is negative as wildlife populations continue to decline due to 
human activities (Estes et al., 2011, Ripple et al., 2014). However, conservation efforts can 
result in wildlife population recovery, causing a positive shift or ‘lifted baseline’ (Roman et 
al., 2015). Predator populations are recovering in many regions of the world (Breitenmoser, 
1998, Chapron et al., 2014) and the consequences of these lifted baselines for people living in 
such areas are emerging in the form of human-carnivore conflict (e.g. Jackson et al., 1996, 
Breitenmoser, 1998, Bangs & Shivik, 2001). Reintroduction is one conservation tool that 
results in a lifted baseline of predator population through the establishment of predators in 
regions from which they were extirpated and, thus could reinstate human-carnivore conflict. 
As such, human-carnivore conflict needs to be addressed and incorporated into reintroduction 
planning, assessment, and monitoring.  
 To my knowledge, only Hunter et al. (2007) present data on human-carnivore conflict 
following large carnivore reintroduction to a reserve in South Africa. There have been several 
other studies that have investigated human-carnivore conflict in South Africa. Most were at 
reserve level; including the Phinda-Mkhuze complex (Balme et al., 2009) and the 
Baviaanskloof, Eastern Cape (Minnie et al., 2015) that involved naturally occurring leopards, 
and the Greater Kruger Area, Limpopo/Mpumalanga (Lagendijk & Gusset, 2008, Anthony, 
2007, Anthony et al., 2010) which is not a reintroduction site. Two studies were at a 
provincial level (North West Province, Thorn et al., 2012, Limpopo and North West 
Province, Thorn et al., 2013), where both provinces have free-ranging populations of some of 
the large carnivores (leopard, cheetah, African wild dog and brown hyaena), though some 
reserves in the area were possible reintroduction sites but this was not stated. This study, 
therefore, presents a unique set of circumstances as large carnivores were reintroduced 
relatively recently to the Eastern Cape, a region from which they had been extirpated in the 
early twentieth century (Skead, 2007) and, with the exception of leopard, exist solely within 
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fenced reserves (Hayward et al., 2007a, Chapter 3). As a result, all the ensuing human-
carnivore conflict in the province is a direct result of reintroduction and represents a direct 
cost of such conservation actions that is largely omitted in the literature.  
 All of the reintroduced large carnivore species with established populations in the 
province have been involved in livestock depredation. This is despite predator-proof fencing 
surrounding reserves as required by legislation (Department of Economic Development and 
Environmental Affairs, 2008), that was implemented to limit human-wildlife conflict 
(Hayward & Kerley, 2009). Leopards have been the most problematic species, likely due to 
the fact that the species is not constrained by fences (Hayward et al., 2007b) and persists 
outside of protected areas (Minnie et al., 2015). Both these factors likely bring leopards into 
conflict with farmers more often than other reintroduced species that are largely contained 
within fenced reserve boundaries. Furthermore, conflict is not evenly distributed across 
neighbours, spatially and economically.  
 Potential drivers of escapes 
 Escapes of large carnivores can be driven by density-dependent and/or social factors 
such as dispersal (Anderson, 1981, Saberwal et al., 1994). For example, three male cheetahs 
were reportedly chased out of a private reserve by their father once they reached maturity 
(pers. com., V van der Merwe, EWT, 2016). However, despite these individuals having been 
observed by farmers, they were not involved in any depredation incidents. As such human-
carnivore conflict can be limited by managing predator populations at or below carrying 
capacity within reserves. The reserves in the Eastern Cape effectively manage the 
reintroduced predator population sizes, with the exception of leopard and brown hyaena 
(Chapter 3). Currently, of the species with available data, only cheetah appear to be 
overstocked on some Eastern Cape reserves (Clements et al., 2016, Chapter 3) and are the 
most commonly escaping species in the Eastern Cape, apart from leopard. Additionally, one 
of the reserve managers stated that there were more conflict incidents when the cheetah 
population in the reserve was high. As a result, overpopulation is a possible driver of escapes 
from reserves in the Eastern Cape Province. The presence of conspecifics on neighbouring 
properties could also play a role in individuals escaping from reserves. For example, animals 
searching for a mate may break through fences to do so. This occurred in the Eastern Cape 
when a lion broke out of a reserve to get to a lioness in oestrus on the neighbouring property 
(SANParks, 2015).  
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 Fencing 
 Poor maintenance of reserve boundary fencing can result in carnivores moving across 
the boundary. This was observed by the regular transgressions of lions moving out of the 
Kgalagadi Transfrontier National Park on the Botswana side, compared to rarer instances on 
the South African side that had a higher maintenance budget (Hemson, 2003).  Poor fence 
condition was also a central concern raised by the communities surrounding the Kruger 
National Park as it allowed for conflict causing species to move out of the park (Anthony, 
2007). Concerns about the standards of reserve fence maintenance were raised by some 
neighbours in the Eastern Cape who stated that it resulted in the increase of carnivore conflict 
or that the farmers now have to bear the additional cost of checking and maintaining fences 
even though it should be the reserve’s responsibility. Reserve managers stated that fences are 
monitored either daily (n = 7 reserves) or weekly (n = 6 reserves). Another issue around 
fencing is animals digging holes under fences that may allow for conflict-causing species to 
escape. The majority of reserve managers (8 of 13) reported that holes were dug under the 
reserve fences, predominantly by warthog (Phacochoerus africanus). If it can be linked to 
facilitating conflict, this digging behaviour of warthog is an additional cost of the invasive 
species in the Eastern Cape Province (Nyafu, 2009).  
 Mesopredators 
 Mesopredators were a major concern for farmers, likely due to presenting a more 
pervasive threat in the Eastern Cape, while large carnivore incidents are intermittent. The 
perception of several farmers interviewed was that mesopredator depredation has increased 
following the establishment of reserves and the associated reintroductions of large carnivores. 
The culling of black-backed jackal in Addo Elephant National Park, South Africa (Nattrass & 
Conradie, 2013) also suggests that mesopredator numbers are not decreasing following apex 
predator (lion and spotted hyaena) reintroduction. The perceptions associated with increasing 
mesopredator conflict can increase negative attitudes towards other species and thereby affect 
their conservation (Thorn et al., 2012). Additionally, if the apex predators do not always limit 
mesopredator populations it could affect management decisions, as reintroduction has been 
proposed as a method of controlling mesopredators (Ritchie & Johnson, 2009, Letnic et al., 
2009). However, the Eastern Cape farmers’ perceptions are contrary to observations in other 
ecosystems and, as such, further research is required to determine whether there is a scientific 
basis for these claims.  
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 Future research 
 This study presents an evident research gap relating to the reinstatement of human-
carnivore conflict as a consequence of large carnivore reintroduction. This could impact the 
outcomes of such conservation actions. Further research is required to understand the 
situation in the Eastern Cape as this study aimed to determine the presence of human-
carnivore conflict in the province. As such, data are required on what mitigation methods 
have been used and if the affected farmers feel these are suitable for conflict mitigation as 
this is critical baseline data. Managing human-carnivore conflict can be done through both 
direct and indirect methods. Direct management methods include prevention and mitigation 
of conflict, for example, enclosing livestock overnight or the use of guard animals (Ogada et 
al., 2003, Potgieter et al., 2015). Direct methods will, however, be carnivore species 
dependent. Indirect mitigation includes changing attitudes of surrounding communities 
towards conflict-causing species through education (Marker et al., 2003, Balme et al., 2009) 
or enabling communication between affected parties (Anthony et al., 2010). South Africa 
presents a unique situation in terms of conflict mitigation as private landowners have rights 
over the wildlife on their properties (Langholz, 1996), and, hence, should be responsible for 
damages caused by wildlife. Therefore, neighbours of reserves with reintroduced large 
carnivores should not be expected to carry costs associated with conflict mitigation or stock 
loss with these species. As such, many mitigation strategies implemented elsewhere in Africa 
and globally, where wildlife is state-owned, may not be applicable in South Africa. 
Determining responsibility for conflict involving reintroduced predators was a concern of 
several of the interviewed neighbours and is likely to be a key issue in determining mitigation 
strategies in the province that are agreeable to both parties.  
 Without good baseline data to understand neighbours’ perceptions of current 
mitigation strategies, and the drivers behind human-carnivore conflict in the area, selecting 
between methods may lead to incorrect management decisions and hinder progress towards 
establishing effective mitigation strategies (Marshall et al., 2015). Additionally, without good 
data, the extent and nature of conflict are subject to bias as it is based on the perceptions of 
neighbours (Anthony & Wasambo, 2009), as is potentially the case with this study. As such, 
there is a need for improved monitoring and record keeping of human-carnivore conflict in 
the province to ensure accurate, long-term information is available to design and implement 
evidence-based management of conflict (Madden, 2004, Anthony et al., 2010). Furthermore, 
subsequent research should include properties that are not direct neighbours of reserves as the 
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large carnivore species are all potentially wide-ranging (see Chapter 3) and, hence, could 
travel beyond the direct neighbours. 
 
Conclusions 
 Reintroduced large carnivores have reinstated human-carnivore conflict in the Eastern 
Cape, demonstrating a novel direct cost of reintroduction that is not yet fully understood but 
that needs to be included in reintroduction plans. The primary issue around human-carnivore 
conflict that needs to be addressed is determining responsibility for the problem animal/s and 
the damage they cause, so the financial losses do not fall on the neighbours. Increased 
monitoring and research are needed in the Eastern Cape in order to understand when and 
where conflict occurs, what mitigation methods work and under what circumstances and how 
the costs of these methods can be moved away from neighbours, and what the social and 
economic costs resulting from human-carnivore conflict are in the area. Additionally, farmers 
should be educated about lifting baselines resulting from recovering predator populations and 
their benefits, and methods of adapting to their presence.  
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Chapter 5: General Discussion 
 
 This study successfully addressed three objectives. The first was the development of a 
context-dependent definition of reintroduction s.l. success that incorporated the objectives for 
the undertaking. Secondly, the large carnivore reintroductions to the Eastern Cape, South 
Africa were assessed in relation to their objectives using the definitions developed in Chapter 
2, in addition to criteria used in the initial assessment done by Hayward et al. (2007a). Long-
term monitoring (15 years) of the reintroductions also revealed unanticipated consequences 
of the undertakings that have emerged over time. These consequences included the 
reinstatement of human-carnivore conflict in the province. Hence the final objective of this 
study was to determine the presence and extent of this human-carnivore conflict in the 
Eastern Cape for the first time following the reintroductions of large carnivores by 
interviewing neighbours of the reserves. These objectives and their implications are further 
expanded below.  
 
Reintroductions and their assessment 
 In the broadest biogeographical sense (sensu lato), reintroduction can be defined as 
the intentional movement of a species into unoccupied areas within its indigenous range from 
which it had been extirpated. However, the IUCN/SSC RSG restricts reintroduction to such 
movements where the objective must be some conservation benefit (IUCN/SSC, 2013). 
While this definition reflects the IUCN’s mandate, it ignores all reintroductions s.l. that are 
undertaken to meet other, non-conservation based objectives. This may result in an under 
estimation of the extent of reintroductions s.l. and their value to conservation (Chapter 3) 
even if this is inadvertent. In addition, ignoring reintroductions s.l. leads to missed 
opportunities of learning from their processes and outcomes, successful or not, and for 
strengthening the conservation outcomes of such undertakings. For example, the majority of 
species reintroductions s.l. described in this study, and likely those undertaken elsewhere in 
South Africa, would not be considered as reintroductions s.s. by the IUCN as they were 
driven primarily by ecotourism (Chapter 3). Despite ecotourism objectives driving the 
reintroductions described have significant conservation value (see Chapter 3).    
 A major shortfall in reintroduction biology is the lack of clearly stated objectives and 
specified indicators of success (Seddon, 1999, Robert et al., 2015). My literature review 
showed that only a third of published assessments used predetermined criteria to assess 
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reintroduction attempts (Chapter 2). This lack of clarity and ad hoc treatment of assessments 
limits peer review and prevents comparative evaluations of reintroductions, which, in turn, 
hinders the determination of how effective reintroduction is in meeting its objectives. The 
majority of previous attempts at defining reintroduction success have been guided by the 
IUCN’s definition, and therefore assess reintroduction using the criterion of the establishment 
of a self-sustaining or viable population (IUCN/SSC, 2013). Reviews of reintroductions that 
use this criterion show poor success rates (Griffith et al., 1989, Wolf et al., 1998, Fischer & 
Lindenmayer, 2000, Breitenmoser et al., 2001). This raises the issue of the necessity of 
having a standardised success definition in light of the high levels of variation in species and 
project objectives (Seddon, 1999, Haskins, 2015). Standardised reintroduction assessments, 
especially those involving rare species and spatial constraints, may thus be setting 
practitioners up for failure (Haskins, 2015). As such, focus should shift to objective-based 
assessments as presented in Chapter 2 that can be adapted to different species and 
reintroduction s.l. projects. My own literature review found that successful reintroductions 
are more common with 72.5% of published papers reviewed describing successful 
reintroductions (Chapter 2), which is similar to the success rates presented in the RSG 
publications (Soorae, 2008, 2010, 2011, 2013, 2016). My review and the RSG publications 
base success in terms of project objectives and, thereby reveal much higher success rates than 
more standardised assessment criteria (cf. Griffith et al., 1989, Wolf et al., 1998, Fischer & 
Lindenmayer, 2000, Breitenmoser et al., 2001). 
 The success of a reintroduction s.l. project should also not be considered a final end-
point, but rather a state achieved by the reintroduced population at a given point in time. As 
such, the potential for this successful state to change in response to internal and/or external 
factors must be acknowledged. The objectives of site management are one such factor that 
can greatly impact the success of a reintroduction. In Chapter 3, I detailed two cases of 
reserve objectives changing following changes in ownership and the impacts these objective 
changes had on reintroduced large carnivore populations on these reserves. One change in 
ownership had a negative impact, resulting in the removal of all the carnivores reintroduced 
s.l. to the site, and hence, changing a successful reintroduction to a failure. The second 
resulted in the cheetah (Acinonyx jubatus) reintroduction s.l. to the reserve changing from a 
failure, due to only a single male being present on the property, to being successful in 
meeting species conservation success criteria. This was through the establishment of a 
breeding pair of cheetah that has produced two litters to date that have provided individuals 
for subsequent translocation. The Arabian oryx (Oryx leucoryx) reintroduction to Oman also 
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failed due to a change in the land use of the area they were released to (Spalton et al., 1999). 
These examples highlight the importance of including reintroduction objectives into the 
assessment of the reintroductions. 
 In Chapter 2 I presented a framework for an objective-based definition of 
reintroduction s.l. success and associated success criteria. While some of the success criteria 
may be intuitive, for example, increased tourism being a success criterion for economically 
driven reintroductions, they should not be disregarded in assessments as, ultimately, meeting 
objectives is a successful result. The success criteria presented in Chapter 2 need to be tested 
under different circumstances. For example, in cases where species were reintroduced prior to 
the reserve opening to tourists, the economic objective may need to rely on sighting or tourist 
satisfaction data as revenue changes due to the species’ reintroduction would not occur. The 
efficacy of using sighting or tourist satisfaction data for assessment needs to be tested as this 
was not done in this study, possibly through the comparison of sighting data to visitor 
opinion surveys in reserves (e.g. Kerley et al., 2003a). Similarly, in reserves that reintroduced 
multiple species to meet economic objectives, financial data cannot be assigned to a 
particular species and so success would be determined for the reserve overall, unless 
combined with sighting or tourist satisfaction data to separate species.  
 I suggest that reintroduction s.l. objectives and the a priori success criteria required to 
assess whether these objectives are met should be incorporated into the planning stages of 
reintroductions, alongside the requirements such as risk assessments and suitable habitat 
analyses as required by IUCN/SSC (2013). Thereafter, the reintroduction project should be 
incorporated into an adaptive management framework to ensure that the reintroductions 
continue to meet their objectives over time. A benefit of the success definitions proposed in 
Chapter 2, is that all of the criteria can be expressed in numerical terms a priori, thus 
providing robust scientific assessment tools to be used within such an adaptive management 
framework. This adaptive approach would necessitate short- and long-term monitoring 
through regular assessments to establish a feedback loop of information about the system, 
allowing conservationists to learn how to better achieve the objectives of their undertakings 
(Lyons et al., 2008, Gregory et al., 2012, Canessa et al., 2016). Furthermore, this approach 
could encourage conservationists to take risks in management decisions in response to 
conservation challenges, and the lessons gained from these, even if they result in failures, 
would be valuable (Breitenmoser et al., 2001). Additionally, long-term monitoring would 
ensure that emerging unanticipated consequences following reintroduction are identified and 
acknowledged (e.g. human-carnivore conflict, Chapter 4). Furthermore, data collected from 
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monitoring populations could potentially determine what densities of a species are required to 
meet the reintroduction’s objectives. This is particularly true for economic and ecological 
objectives, for which baseline or historic data are not always available. Establishing density 
requirements will be valuable for future reintroduction planning as it would determine the 
number of individuals needed for reintroduction to a site for the population to meet objectives 
and potentially limit costs.  
 
Large carnivore reintroductions to the Eastern Cape 
 This study conducted a local assessment of large carnivore reintroductions s.l. to 
sixteen sites in the Eastern Cape Province, South Africa that were last assessed by Hayward 
et al. (2007a) ten years ago. This assessment has contributed an additional decade of 
demographic and movement data and provided insights into emerging consequences that may 
not have been apparent in the short-term (Chapter 3 & 4). The assessment of these 
reintroductions was done using the criteria proposed in Chapter 2, as well as the criteria used 
in the initial assessment of the reintroductions (Hayward et al., 2007a). Overall the 
reintroductions have been successful in meeting their objectives (Chapter 3). Only African 
wild dogs (Lycaon pictus) have not established a population in the Eastern Cape (Chapter 3), 
largely due to management concerns about the species’ impacts on prey populations (Bissett, 
2008, O'Brien, 2012). The other five species (lion Panthera leo, leopard Panthera pardus, 
cheetah, spotted hyaena Crocuta crocuta, and brown hyaena Parahyaena brunnea) have 
shown continued population growth within the province (Chapter 3). Causes of objective-
specific failures in individual reserves for the other species included the reintroduction of 
same-sex populations (spotted hyaena, cheetah), lack of breeding events (lion), and changes 
in the reserve’s objectives (lion, cheetah, Chapter 3). The lack of monitoring of leopard, 
spotted hyaena, and brown hyaena affected my ability to assess the reintroductions of these 
species effectively. As such, quality monitoring is crucial for assessments of conservation 
actions.  
 Ecotourism was the primary driver of large carnivore reintroductions s.l. to the 
Eastern Cape (Chapter 3). Managers reported that the reintroductions of all species 
reintroduced for ecotourism have met this objective, in particular the reintroductions of the 
big cats. However, for this objective success was determined on an anecdotal basis as 
manager perceptions were used. Future assessments require adequate and verifiable data, 
such as sighting records or tourist satisfaction surveys, for more accurate determination of 
reintroduction outcomes. As the majority of these operations are privately owned, financial 
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data may be more difficult to obtain, though this is not always the case (Clements et al., 
2016). If financial data can be attained, it can be used in combination with sightings or 
satisfaction data to improve the quality of assessments. The concern that arises from 
ecotourism being a primary driver of reintroductions in the Eastern Cape is that the 
persistence of these populations is likely linked to the profitability of the ecotourism industry. 
The failed reintroductions in P2 are a reminder of the potential negative consequences that 
could result from a shift away from ecotourism-based land use.  
 Assessments of reintroductions undertaken to meet ecological objectives, which can 
fall into the sensu stricto definition, were also based on managers’ opinions and the criteria to 
be met need to be clarified for future assessments. For example, if predators were 
reintroduced to manage prey populations, data on the prey population numbers prior to and 
post reintroduction are needed. An alternative would be data on changes in culling numbers 
of prey species if this has occurred. The majority of ecological-based research on these 
predator reintroductions has focussed on prey response to predator presence (Tambling et al., 
2012, Tambling et al., 2013a, Tambling et al., 2013b, Makin & Kerley, 2016) and habitat use 
by carnivores and their carrying capacity (Bissett & Bernard, 2007, Bissett, 2008, O'Brien, 
2012). To my knowledge, there have been no studies of ecosystem change in response to 
predator reintroduction in the Eastern Cape, such as those done in Yellowstone National Park 
as an example (Ripple & Beschta, 2012). This may be in part due to the greater complexity of 
African ecosystems that hold a greater diversity of species interacting across trophic levels 
(Mills & Shenk, 1992, Dalerum et al., 2009) and the potentially greater importance of 
bottom-up factors (Fritz & Duncan, 1994). Comparisons of ecosystems prior to and post 
reintroductions will not be feasible in areas where data were not collected for this purpose 
and no historic data is available, which is the case for many reintroduction sites. Furthermore, 
as the Eastern Cape reserves are predominantly converted agricultural land (Chapter 3), 
ecological effects of species may be affected by the anthropological changes to the 
ecosystems (Kuijper et al., 2016). However, the increased research opportunities following 
the reintroductions do provide baseline data for ecosystems that have been predator-free for 
many decades which would be valuable in assessing future reintroductions.  
 The species conservation objective success criteria could be suitably determined from 
the data collected in this study. As such, the assessments of species conservation objectives 
are the most accurate despite this being the least common driver of reintroduction in the 
Eastern Cape (Chapter 3). Reintroductions to sites typical of South African conservation, 
these being small and fenced, are automatically precluded from being successful as they 
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require constant management to ensure the populations remain at desired densities, and the 
populations are unlikely to be considered viable. As such, if the reintroductions were assessed 
using the various criteria of conservation success presented in the literature, none could be 
considered successful (Chapter 3). Despite this, these small reserves can and often do 
contribute to species conservation – irrespective of whether this is a primary objective or not 
(Chapter 3). By including criteria such as breeding by wild-born generations, providing 
individuals for subsequent translocations, or being part of a metapopulation, the small 
reserves are no longer precluded from success (Chapter 3). As such, I argue that the criteria I 
proposed in Chapter 2 for species conservation reintroduction success are more suitable for 
assessment of reintroduced populations than, for example, the establishment of self-
sustaining or viable populations.  
 
Reintroduction mediated human-carnivore conflict  
 Shifting baselines (Pauly, 1995) observed around the world are predominantly those 
of diminishing populations of species in response to human activity with succeeding 
generations considering lower wildlife densities the norm. On farmlands globally, generations 
of farmers have not been exposed to the presence of large carnivores and the potential threats 
these species present. As a consequence, these farmers no longer apply, or may not even 
recall, techniques to mitigate such human-carnivore conflict involving large carnivores. 
However, in many regions conservation efforts are improving the status of carnivore 
populations (Treves & Karanth, 2003, Chapron et al., 2014) and recovering predator 
populations can reinstate human-carnivore conflict (Zimmermann et al., 2001, Rigg et al., 
2011, Chapter 4). Fontúrbel & Simonetti (2011) found that 75% of translocated felids were 
involved in post-release conflict. This positive shifting baseline has recently been coined a 
‘lifting baseline’ (Roman et al., 2015). Reintroduction s.l., by moving animals into areas from 
which the species was extirpated, result in a dramatic lifted baseline over a relatively short 
period of time. Lifted baselines of predator populations have important implications for the 
conservation of these species, particularly when it results in human-carnivore conflict as this 
is a major driver of global carnivore extirpations (Kruuk, 2002, Ray et al., 2005, Ripple et al., 
2014). As a result, the potential consequences of lifted baselines should be included in all 
conservation planning involving predators and other conflict-causing species (e.g. elephants 
Loxodonta africana, Hoare, 1999, sika deer Cervus nippon taiouanus, Yen et al., 2015). This 
can be done by including the potential for conflict and its mitigation in the planning stages of 
conservation actions. Thereafter, should conflict occur, monitoring of details relating to 
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conflict incidents and the mitigation methods used can be used to assess the effectiveness of 
the proposed mitigation strategies and improve them where necessary.  
 As far as I am aware, this study is the first to evaluate the presence and extent of 
human-carnivore conflict following the reintroduction s.l. of large carnivores to the Eastern 
Cape, South Africa. Few studies on human-carnivore conflict involving large carnivores have 
been done elsewhere in South Africa (Anthony, 2007, Lagendijk & Gusset, 2008, Balme et 
al., 2009, Anthony et al., 2010, Thorn et al., 2012, Thorn et al., 2013, Minnie et al., 2015). 
Human-wildlife conflict around Phinda Private Game Reserve in Kwa-Zulu Natal was 
monitored following the lion reintroduction (Hunter et al., 2007a) and represents the only 
published long-term monitoring of human-carnivore conflict around a reintroduction site. 
This is surprising considering the apparent prevalence of break-out events that have been 
reported for reserves throughout South Africa (56%, Gusset et al., 2008, 58%, Slotow & 
Hunter, 2009). This study found similar trends, with 61.5% of reserve managers in the 
Eastern Cape reporting large carnivore escapes, and 36.7% of neighbouring properties 
interviewed reporting observations of or conflict incidents with reintroduced carnivore 
species (Chapter 4). The prevalence of escapes indicates that the potential for conflict in 
South Africa is high, despite the predator-proof fencing required by legislation that was 
erected with one of the principle aims being the prevention of conflict (Hayward & Kerley, 
2009). As such, there is a major gap in our knowledge about a direct cost of reintroduction in 
South Africa and globally that needs to be understood and incorporated into assessments and 
management of reintroduced populations to promote continued success.  
 There is a correlation between past experience of conflict and negative views of 
predators (Chapter 4), and as such, it can be expected that if conflict with large carnivores 
continues the sentiments of neighbours may change. The change in acceptance of large 
carnivore presence could have negative ramifications for current and future conservation 
efforts in areas where these species are being re-established. Conflicts will likely be a bigger 
concern in countries where parks are not fenced, allowing conflict causing species a greater 
freedom of movement. The literature provides a variety of methods for mitigating conflict, 
including improvement of livestock enclosures and husbandry practices (Ogada et al., 2003, 
Woodroffe et al., 2007), guarding dogs (e.g. Rigg et al., 2011, Potgieter et al., 2015), 
education of farmers in the characteristics of predators and mitigation methods (Marker et al., 
2003, Ogada et al., 2003, Balme et al., 2009), as well as enabling communication between 
affected parties (Anthony et al., 2010). However, South Africa presents a unique situation as 
wildlife can be privately owned and fencing of properties with dangerous game is required by 
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legislation (Department of Economic Development and Environmental Affairs, 2008), as a 
result mitigation methods commonly used elsewhere may not be applicable. Research on 
human-carnivore conflict in South Africa will need to address what mitigation methods have 
been used and their effectiveness, as well as potentially finding novel solutions to manage 
conflict if this is required.  
 Future research into human-carnivore conflict in the Eastern Cape could be integrated 
into workshops or meetings with the farmers’ associations in the area in addition to direct 
contact. This would allow for the study and its intended outcomes to be better understood and 
could potentially result in a greater number of willing participants in surveys. It would also 
provide a platform for open discussion about the issues around conflict and for education 
about lifting baselines of large carnivores, possible mitigation methods, and the benefits of 
predator presence. This would be constructive in ensuring that the needs of those affected by 
human-carnivore conflict are being met and that mitigation methods are improved to the 
agreement of all concerned parties. Data should also be collected from farms that are not 
direct neighbours of reserves as the large carnivore species can move over large distances 
(examples in Chapter 3).  
 As data relating to human-carnivore conflict were not collected prior to and post the 
large carnivore reintroductions to the Eastern Cape, and elsewhere, it is difficult to determine 
what influences the occurrence of human-carnivore conflict, for example, changes in predator 
density within reserves (Anderson, 1981, Saberwal et al., 1994) or seasonal effects. 
Additionally, it could have provided data on whether conflict and the perception of conflict 
had changed over time in the region. For example, Hunter et al. (2007) reported that reports 
of lion break-outs dropped to one or two a year following the initial two years post 
reintroduction due to the surrounding communities becoming familiar with identifying signs 
of lion presence. Collection of data relating to break-outs and resulting conflict should be 
collected on a regular basis, perhaps through annual surveys, ideally including on-site 
identification of depredation by educated personnel. Improved datasets could also lend 
themselves to the development of predictive models where conflict is likely to occur (e.g. 
Marucco & McIntire, 2010) which may be of assistance to management.  
 
Study limitations 
 Assessments of reintroductions, or any conservation action, rely on reliable and 
verifiable data from sites where reintroductions occurred. For this project, all data relating to 
reintroduction and population histories within the reserves were collected from monitoring 
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done by individual reserve management. As such, there were limited ways of verifying 
details of animal movements and demographic events that were reported. Some details could 
be verified by cross-checking between reserve records if translocations occurred between 
Eastern Cape reserves, and post-2011 cheetah movement data could be compared with the 
information provided by the Endangered Wildlife Trust (EWT). Overall data relating to the 
reintroduced large carnivore populations appears to have been well kept, however, this was 
variable and poor recordkeeping by some reserves lead to inconclusive assessments for some 
of the reintroductions. Data records for both hyaena species and leopard were poor due to 
general lack of monitoring these species following release events and, as such, assessments 
were often inconclusive (Chapter 3). If long-term monitoring of the Eastern Cape predator 
reintroductions is to continue, an annual survey of basic data regarding births, deaths, 
translocations, break-outs and sighting frequencies should be considered in order to improve 
data records over time and allow for ongoing assessment of these reintroductions in relation 
to meeting their objectives. The proposed implementation of a national management program 
for lion (Funston & Lavendal, 2014) may also provide valuable data for future assessments in 
a similar way to how the EWT cheetah metapopulation data were used in this study.  
 Data collected through interview questionnaires often comprise opinion surveys that 
may be subject to bias, and, as such, do not represent an objective collection of data by 
researchers (Lawson, 1989). The data reported in Chapter 4 can thus be negatively biased if 
respondents failed to find or report all cases of conflict that occurred on the neighbouring 
properties. Alternatively, a positive bias could also have occurred through the incorrect 
assumption of the causes of livestock deaths, as carnivores are often blamed for stock losses 
irrespective of the actual cause (Nyhus et al., 2005) or through the misidentification of the 
conflict-causing species. Following lion reintroduction to Phinda Private Game Reserve, 
misidentification of tracks by the surrounding community accounted for 20 of 26 breakout 
reports (Hunter et al., 2007).  
 Additionally, few of the respondents provided detailed records of human-wildlife 
conflict events such as when incidents occurred, what occurred during the incident/s, and 
what losses were incurred (e.g. number of stock lost, financial losses). This could indicate a 
general lack of good record keeping or that incidents are dealt with when they occur rather 
than being a long-term concern, as large carnivore break-outs are more sporadic than other 
causes of livestock loss. The data presented in Chapter 4 also could not be validated against 
other sources. Only eight incidents of conflict were confirmed by both reserve managers and 
their neighbours, while the remaining incidents appear to denote a misrepresentation of 
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conflict occurrence, either by reserve managers or neighbours. Relevant authorities also did 
not provide records of human-carnivore conflict due to confidentiality agreements.  
  
Future conservation of large carnivores in South Africa 
 The majority of South Africa’s large carnivores exist within fenced conservation areas 
that are largely managed independently of each other, and hence, with little concern for 
broader conservation goals such as improving the genetic diversity of the species (Lindsey et 
al., 2009, Slotow & Hunter, 2009). My research has shown that small populations of large 
carnivores in small reserves can contribute to the species conservation at a national and 
global scale (Chapter 3), and hence should be included in species population assessments 
when conservation success criteria are met at a site despite requiring management 
interventions (Hayward et al., 2015). However, the contribution of these small populations to 
conservation depends largely on them being part of broader provincial and national 
conservation goals. The managed metapopulation approach appears to be an effective way of 
improving the conservation potential of isolated populations, while maintaining fences that 
separate the species from local threats to their conservation (Hayward & Kerley, 2009). 
Currently, only cheetah (pers. com., V van der Merwe, EWT, 2016) and African wild dog 
(Davies-Mostert et al., 2015) have established metapopulation programs in South Africa, and 
a similar approach has been initiated for lion (Funston & Lavendal, 2014). As far as I am 
aware there are no similar initiatives for the other three top predator species (spotted hyaena, 
brown hyaena, and leopard). The establishment of such management initiatives would be 
beneficial, as it would allow for the establishment of a studbook to improve translocation 
decisions to maximise genetic variation of the species. It would also provide an outlet for 
excess individuals on reserves, perhaps encouraging managers to allow the populations 
within their reserves to breed and thereby maintain the heterozygosity of these populations 
and the species nationally. This benefit of an established metapopulation is demonstrated by 
the cessation of contraceptive use on cheetah in the Eastern Cape (pers. com., V van der 
Merwe, EWT, 2016). At reserve level, management should adopt an adaptive management 
framework to improve monitoring, and encourage the evaluation of management actions. 
Management should include regular assessments of whether the reintroduced populations are 
meeting their objectives and determining potential consequences of the reintroduction that 
may arise, such as human-wildlife conflict or ecological impacts within reserves.   
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Conclusion 
 Reintroduction s.l. is an effective conservation tool to cope with species’ population 
declines through the establishment of new populations. It is also important to recognise that 
reintroduction may not a purely conservation based action, and these reintroductions s.l can 
have conservation value and should thus not be ignored. Social, political, and economic 
factors can affect the outcomes of reintroduction and must, therefore, be included in their 
planning and management. Context-dependent assessments are important for determining 
how effectively reintroductions meet their varied objectives. Establishing a protocol for 
determining reintroduction objectives and their associated success criteria a priori is 
imperative to improve the assessment of these undertakings. Long-term monitoring of 
reintroduced populations within an adaptive management framework is encouraged as it 
allows practitioners to learn from management decisions, both failed and successful, and 
thereby improve the success of reintroductions.  
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Appendices 
 
Appendix 1: Reserve Manager Questionnaire 
 
Reserve Information:  
Reserve Name: _________________________________________________ 
Year of establishment: ___________________________________________ 
Size: __________________________________________________________ 
Original size if expanded: _________________________________________ 
Previous land use of reserve 
 Livestock  Game  Mixed    
Surrounding land use 
 Livestock  Game  Both  
 
Reintroduction History:  
What were your objective/s for reintroducing predators:  
  Boost 
ecotourism 
Conservation 
of species 
Prey population 
management 
Restore 
ecological 
integrity  
Problem animal 
from elsewhere 
Lion      
Leopard      
Cheetah      
African Wild Dog      
Spotted Hyaena      
Brown Hyaena      
 
Do you feel the reintroductions were successful in relation to the objective and give reasons, if any, for this:  
 Strongly 
Agree 
Agree Neutral Disagree Strongly 
Disagree 
Lion  
Boosted ecotourism      
Conserving species      
Prey population 
managed 
     
Restored ecological 
integrity 
     
Reasons  
Leopard  
Boosted ecotourism      
Conserving species      
Prey population 
managed 
     
Restored ecological 
integrity 
     
Reasons      
Cheetah  
Boosted ecotourism      
Conserving species      
Prey population 
managed 
     
Restored ecological 
integrity 
     
Reasons      
 
 
 93 
 
African Wild Dog  
Boosted ecotourism      
Conserving species      
Prey population 
managed 
     
Restored ecological 
integrity 
     
Reasons      
Spotted Hyaena  
Boosted ecotourism      
Conserving species      
Prey population 
managed 
     
Restored ecological 
integrity 
     
Reasons      
Brown Hyaena  
Boosted ecotourism      
Conserving species      
Prey population 
managed 
     
Restored ecological 
integrity 
     
Reasons      
 
Are the predator populations free-ranging (>2000ha) or kept in bomas 
 Free-ranging   Bomas 
 
What is the area available to the species: 
  
Lion  
Leopard  
Cheetah  
African Wild Dog  
Spotted Hyaena  
Brown Hyaena  
 
Do you wish to reintroduce these species and for what reason:  
 Boost ecotourism Conservation of 
species 
Prey population 
management 
Restore ecological 
integrity 
Lion     
Leopard     
Cheetah     
African Wild Dog     
Spotted Hyaena     
Brown Hyaena     
 
Which of these species did you decide not to reintroduce and why? 
 Decided not to  
introduce: 
Why? 
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
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 Did you wish to introduce any of these species but where denied a permit? Why? 
 Permit denied: Why? 
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
 
For the species on your reserve, please provide the founder population size, current population size, what year 
were they first reintroduced and if they were removed, in what year and why? 
 
 Founder 
Pop. 
Size 
Current 
Pop. 
Size 
Year of 1
st
 
reintro-
duction 
Year of 
removal 
Reason for removal 
Lion      
Leopard      
Cheetah      
African Wild Dog      
Spotted Hyaena      
Brown Hyaena      
 
Founder population details: 
Age: Y – pups/cubs, SA – sub adults, A – mature adults 
Sex: M – male, F – female 
Origin: W – wild caught, C – captive bred, W/C – wild caught but captive bred,  
Source: where the individuals came from   
 
What was the structure and source of the founder population? 
Please use separate rows for individuals with same groupings (e.g. Sub adult males from captivity, adult females 
from wild) 
 
Species Year Month Age Sex Origin Source 
Y S
A 
A M F W C W/C 
 
            
            
 
What were the structure and origins of the reinforcement populations/individuals 
Age: Y – pups/cubs, SA – young adults, A – mature adults 
Sex: M – male, F – female 
Origin: W – wild caught, C – captive bred, W/C – wild caught but captive bred, M – mixed 
Source: where the individuals came from   
 
Species Year Month Age Sex Origin Source 
Y S
A 
A M F W C W
/
C 
M 
             
             
 
Please provide population censuses of the carnivore and game species as far back as possible.  
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How long were the individuals kept in a pre-release boma and why? 
 Time in boma Why? 
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
 
 For social species; were the individuals:  
 Together from start   First separated by fences, then grouped 
 How was the composition of the groups created: 
 Naturally   Artificially created 
 
Breeding of reintroduced carnivores 
 
 Have the reintroduced population/s bred? 
Species Number of total births 
recorded  
Number of litters Number successfully weaned 
    
    
 
Please provide the details of breeding events including the year and number of male and female offspring.  
Consequences of carnivore reintroductions:  
Please respond to the following statements:  
 Strongly Agree Agree Neutral Disagree Strongly Disagree 
Tourist numbers 
have increased 
following the 
reintroduction of 
predators? 
     
This species is 
important for 
tourists:  
 
Lion      
Leopard      
Cheetah      
African Wild Dog      
Spotted Hyaena      
Brown Hyaena      
The 
reintroduction of 
predators has 
increased risks to 
staff/visitors 
     
The 
reintroduction of 
predators has 
caused problems 
with neighbours 
     
This species 
should be kept on 
the reserve 
 
Lion      
Leopard      
Cheetah      
African Wild Dog      
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Spotted Hyaena      
Brown Hyaena      
 
Predator population management: 
How often do you do conduct predator population censuses: ___________________________ 
How often do you conduct prey population censuses? _________________________________ 
Have you calculated the predator carrying capacity of the reserve? 
 Yes No 
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
 
 What was this carrying capacity based on? 
 Reserve size Prey availability Opinion 
Lion    
Leopard    
Cheetah    
African Wild Dog    
Spotted Hyaena    
Brown Hyaena    
 
 What is the current status of the predator populations? 
 Below carrying 
capacity 
At carrying capacity Above carrying 
capacity 
Lion    
Leopard    
Cheetah    
African Wild Dog    
Spotted Hyaena    
Brown Hyaena    
 
How do you manage your carnivore populations? 
 Contraception Translocation  Culling Trophy 
hunting 
Nothing Complete 
Removal Chemical Surgical 
Lion        
Leopard        
Cheetah        
African Wild 
Dog 
       
Spotted 
Hyaena 
       
Brown 
Hyaena 
       
 
Do you actively reduce the number of competitors in the reserve (not in relation to population density reasons)? 
  Removed to reduce 
competition: 
In favour of which species: 
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
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Impacts on prey populations: 
Are the reintroduced predators self-sustaining or are they supplemented with prey? 
 Self-sustaining   Supplemented 
Are the prey populations self-sustaining or are they supplemented? 
 Self-sustaining   Supplemented 
Which prey species have you had to supplement? How often?  
Species Supplemented 
< 1 year Annual > 1 year  
    
    
 
Have any prey species populations been severely depleted by the reintroduced carnivores?  
Species Year 
  
  
 
Do you have records of the reintroduced predators hunting or killing prey species which are threatened (as 
defined by the IUCN red list) or extremely valuable? 
 Yes   No 
 
If yes, which species? 
 ______________________________________________________________ 
 
Has the reintroduction of top carnivores resulted in the extirpation of prey species in the reserve?  
 Yes  No 
 
If yes, which species and in what year?  
Species Year 
  
  
 
Please provide what records you have on what species and how many of each have been killed by the 
reintroduced predators. 
 
Fencing  
Length of perimeter fence: __________________________________________ 
Fence type: _______________________________________________________ 
How often is it checked? _____________________________________________ 
How often does the fence require maintenance?: __________________________ 
Have you had problems with holes dug under fence & by which species?: 
__________________________________________________________________ 
 
Metapopulation:  
For the populations in your reserve, please indicate which species, if any, make up a component of a managed 
metapopulation* and if not, if you would be willing to participate in a managed metapopulation?   
* A metapopulation is defined as a set of discrete, geographically isolated populations of the same species that 
may exchange individuals through dispersal or migration. Metapopulations can be implemented as a 
management strategy if the individuals of the species do not have the capability to move into other isolated or 
empty patches. This results in human mediated movement of individuals to mimic natural dispersal patterns. 
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 Is the population a component of a 
managed metapopulation? 
Would you consider making it a part of a 
managed metapopulation? 
Yes No Yes No 
Lion     
Leopard     
Cheetah     
African Wild Dog     
Spotted Hyaena     
Brown Hyaena     
 
Human-wildlife conflict: 
Are you aware of any predators escaping from your property? 
 Yes  No 
If so, which species? 
 Yes No Unsure 
Lion    
Leopard    
Cheetah    
African Wild Dog    
Spotted Hyaena    
Brown Hyaena    
 
Can you provide exact dates of the incidents and briefly what occurred?   
Species Date Event description 
   
   
   
 
Do the neighbouring reserves have conspecifics?  
 Yes No Unsure 
Lion    
Leopard    
Cheetah    
African Wild Dog    
Spotted Hyaena    
Brown Hyaena    
 
Research  
Have you had any university and/or departmental researchers conduct studies at the site on the following species 
 Yes No 
General predator   
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
 
Can you provide details and outcomes of these studies? 
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Appendix 2: Neighbouring Property Questionnaire 
 
Interview #:  
Surrounding reserves:  
 
1. Stock on farm:  
 
Cattle  Sheep  Goats  Equine  Game  Other 
 
2. Have you observed free-ranging individuals/groups of the following species on your property:  
 
 Yes No Unsure 
Lion    
Leopard    
Cheetah    
African Wild Dog    
Spotted Hyaena    
Brown Hyaena    
 
3. Can you estimate the numbers of individuals you have observed? 
 
 # of individuals # of groups 
Lion   
Leopard   
Cheetah   
African Wild Dog   
Spotted Hyaena   
Brown Hyaena   
 
4. Have you had problems with:  
 
 Yes No Unsure 
Lion    
Leopard    
Cheetah    
African Wild Dog    
Spotted Hyaena    
Brown Hyaena    
 
5. How much stock have you lost and which carnivore/s do you think are the cause? 
 Number Carnivore species 
Cattle   
Goats   
Sheep   
Horses   
Donkeys   
Game   
Other   
 
6. Can you provide exact dates of the incidents and where you think the animals came from:  
 
Species Date Event description Source of problem 
animal/s 
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7. Please respond to the following statements 
 Strongly Agree Agree Neutral Disagree Strongly 
Disagree 
The presence of 
predators in 
neighbouring 
reserves has: 
 
Cut off road 
access  
     
Increased safety 
concerns for 
livestock 
     
Increased safety 
concerns for 
people 
     
Increased costs of 
fencing 
     
Increased labour 
(e.g. having to 
move animals 
into kraals at 
night etc.) 
     
Increased costs of 
management 
through: 
 
Dogs      
Shepherds      
Other protective 
measures 
     
 
 
 
